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CONVERSATION  I. 


OF  THE  FIXED  STARS. 


TUTOR CHARLES JAMES 

4 „ 

Charles.  The  delay  occa- 

fioned  by  our  unufually  long  walk, 
has  afforded  us  one  of  the  mod  bril- 
liant views  of  the  heavens  that  I ever 
law. 

James.  It  is  uncommonly  clear, 
and  the  longer  I keep  my  eyes  fixed 
: upwards,  the  more  ftars  feem  to  ap- 
pear : how  is  it  poffible  to  number 
thefe  ftars  ? and  yet  I have  hear4 
that  they  are  numbered,  and  even. 
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2 ASTRONOMY. 

arranged  in  catalogues  according  t» 
their  apparent  magnitudes.  Pray, 
fir,  explain  to  us  how  this  bufmefs 
was  performed. 

Tutor.  This  I will  do,  with  great 
pleafure,  fome  time  hence,  but  at 
prefen t,  I muft  tell  you  that  in  view- 
ing the  heavens  with  the  naked  eye, 
we  are  very  much  deceived  as  to  the 
fuppofed  number  of  ftars  that  are  at 
any  time  vifble.  It  is  generally  ad- 
“ mnitted,  and  on  good  authority  too, 
that  there  are  never  more  than  one 
thoufand  liars  vifble  to  the  fight,  un- 
aflifted  by  glafies,  at  any  one  time, 
and  in  one  place. 

James.  What!  can  I fee  no  more 
than  a thoufand  ftars  if  I look  all 
around  the  heavens?  I Ihouid  flip* 
•*  pole  there,  were  millions.  • • 
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• . Tutor . This  number  is  certainly, 
the  limit  of  what  you  can  at  prefent 
behold*  and  that  which  leads  you, 
and  perfons  in  general  to  conjecture 
that  the  number  is  lb  much  larger, 
is  owing  to  an  optical  deception. 

James.  Are  we  frequently  liable 
to  be  deceived  by  our  fenfes  ? 

Tutor.  We  arc,  if  we  depend  on 
them  Jinglu. ; but  where  we  have  an 
opportunity  of  calling  in  the  ailift- 
ance  of  one  fenfc  to  the  aid  of  ano- 
ther, we  arc  feldom  fubjebt  to  this 
inconvenience. 

Charles.  Do  you  not  know  that 
if  you  place  a fmall  marble  in  the 
palm  of  the  left  hand,  and  then 
crofs  the  lecond  finger  of  the  right 
hand  over  the  firft,  and  in  that  po- 
fition,  with  your  eves  lliut,  move 
the  marble  with  thofe  parts  of  the 
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two  fingers  at  once,  which  are  not 
aecuftomed  to  come  into  contact  with 
any  object  at  the  fame  time,  that  the 
one  marble  will  appear  to  the  touch 
as  two?  In  this  infiance,  without  the 
afiiftance  of  ou  r eyes,  we  thou  Id  - be 
(deceived  by  the  fenfe  of  feeling. 

Tutor.  This  is  to  the  point,  and 
fhews  that  the  judgment  formed  by 
means  of  a fingle  lenfe  is  not  always 
to  be  depended  upon. 

James.  I recollect  the  experiment 
Very  well,  „we  had  it  from- papa,  a 
great  while  ago.  But  that  has  no* 
•thing  to  do  with  the  falfe  judgment 
•which  we  are  laid  to  form  about  the 
number  of  Itars. 

Tutor.  You  are  right;  it  does 
not  immediately  concern  the  fubject 
before  us,  but  it  may  be  ufeful  as 
•affording  a lefibn  of  modcfty,  by 
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inftrufting  us  that  we  ought  not  to 
clofe  our  minds  againft  new  evidence 
that  may  be  offered  upon  any  topic, 
notwithstanding  the  opinions  we  may 
have  already  formed.  You  fay  that 
you  fee  millions  of  ftars,  whereas  the 
ableft  aftronomers  aflert,  that  with 
the  naked  eye  you  cannot  at  one 
time  fee  lo  many  as  a thouland. 

Charles.  I iliould  indeed  have 
thought  with  my  brother,  had  you 
not  alferted  the  contrary ; and  I am 
anxious  to  know  how  the  deception 
happens,  for  I am  fure  there  muft  be 
a great  deception  fomewhere,  if  I do 
not  at  this  time  behold  very  many 
thoufands  of  ftars  in  the  heavens. 

Tutor.  You  know  that  we  fee 
objects  only  by  means  of  the  rays 
of  light  which  proceed  from  them  in 
e 3 
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every  direction.  And  you  muff,  for 
the  prefe.nt,  give  me  credit,  when  I 
tell  you  that  the  di  fiance  of  the  fixed 
ftars  from  us  is  immenfely  great, 
confequently  the  rays  of  light  have 
to  travel  this  di fiance,  irt  the  courfe 
of  which,  efpecially  in  their  passage 
through  our  atmofphere,  they  are 
fubjeefc  to  numberless  reflections  and 
refractions.  By  means  of  thefe, 
other  rays  of  light  come  to  the  eye, 
every  one  of  which,  perhaps,  im- 
prefies  upon  the  mind  the  idea  of  fo 
many  feparate  ftars.  Hence  arifes 
that  optical  fallacy  by  which  we  are 
led  to  believe  the 'ftars  which  we  be- 
hold are  innumerable. 

James.  I ihould  like  to  fee  an 
experiment  to  confirm  this. 

Tutor.  I have  no  objection ; — in 
every  cafe  you  ought  to  require  the 
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heft  evidence  that  the  fubjeft  will 
admit  of ; 

To  aik  or  fearch  I blame  *hee  not,  for  heaven 
Is  as  the  book  of  God  before  thee  fet, 

Wherein  to  read  his  wondrous  works,  and  learn 
His  feafons,  hours,  or  days,  or  months,  or  years. 

Mi  LTO.N', 

I will  i hew  you  two  experiments 
which  will  go  a good  way  to  remove 
the  difficulty.  But,  for  this  purpole, 
we  muft  hep  into  the  houfe. 

Here  are  two  common  looking 
glades,  which,  phiiofophically  Ipeak- 
ing,  are  plain  mirrors.  I place  them 
in  fucli  a manner  on  the  table  that 
they  fupport  one  another  from  falling 
by  meeting  at  the  tops.  I now 
place  this  half-crown  between  them, 
on  a book,  to  raife  it  a little  above 
the  table.  Tell  me  how  many  pieces 
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of  money  you  would  fuppofe  there 
were,  if  you  did  not  know  that  I had 
ufed  but  one. 

James . There  are  feveral  in  the 
glades. 

Tutor.  I will  alter  the  pofition 
of  the  glades  a little,  by  making 
them  ahnoft  parallel  to  one  another ; 
now  look  into  them,  and  fay  what 
you  fee. 

James.  There  arc  more  half- 
crowns  now  than  there  were  before. 

i* 

Tutor.  It  is  evident  then,  that 
by  reflection  only,  a bugle  object,  for 
I have  made  ufe  of  but  one  half- 
crown,  will  give  you  the  idea  of  a 
vaft  number. 

Charles:  If  a little  contrivance 

had  been  ufed  to  conceal  the  method 
of  making  the  experiment,  I lliould 
not  have  believed  but  that  there  had 
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been  feverai  half-crowns  instead  of 
one. 

' Tutor.  Bring  me  your  multiply- 
ing glafs ; look  through  it  at  the 
candle  : how  many  do  you  fee  P or 
rather  how  many  candles  fhould  you 
fuppofe  there  were,  did  you  not 
know  that  there  was  but  one  on  the 
table  ? 

James.  A great  many,  and  a 
pretty  fight  it  is. 

Charles.  Let  me  ice  ; yes,  there 
are  : but  I can  callly  count  them  ; 
there  are  fixteen. 

Tutor.  There  will  be  juft  as  many 
images  of  the  candle,  or  any  other 
object  at  which  you  look,  as  there 
are  different  furfaces  on  your  glafs. 
For  by  the  principle  of  refraction , the 
image  of  the  candle  is  feen  in  as 
many  different  places  as  the  glafs  has 
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furfaces;  confequentlv,  if  indead  of 
16  there  had  been  60,  or,  if  they 
could  have  been  cut  and  polilhed  fo 
fin  all, : 600,  then  the  Angle  candle 
would  have  .given  you  the  idea  of  60, 
Or  600.  What  think  vou  now  about 

i/  . 

the  bars  ? 

James.  Since  I have  feen  that 
reflection  and  refraction  will  each, 
.fing-ly,  afford  fuch  optical  decep- 
tions, I can  no  longer  doubt,  but 
that,  if  both  thefe  caufes  are  com- 
bined as  you  fay  they  are  with  refpect 
to  the  ravs  of  light  coming  from  the 
fixed  ftars,  a thoufand  real  lumina- 
ries may  have,  the  power  of  exciting 
in  my  mind  the  idea  of  millions. 

Tutor.  I will  mention  another 
-experiment,  for  which  you  may  he 
^prepared  againfl  the  next  fair  ftar- 
dight  night.  -Get  a long  narrow  tube, 
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the  longer  and  narrower  the  better, 
provided  its  weight  does  not  render* 
it  unmanageable : examine  through 
it  any  one  of  the  largeft  fixed  bars  ; 
which  aie  called  liars  of  the  firfl  mag- 
nitude, and  you  will  find  that  though 
the  tube  takes  in  as  much  fky  as 
would  contain  many  Inch  ftars,  yet 
that  the  fingle  one  at  which  you  are 

V 

looking,  is  fearcely  vilible,  by-  the 
few  rays  which  come  directly  from 
it:  this  is  another  proof  that  the 
brilliancy  of  the  heavens,  is  much 
more  owing  to  reflected  and  refracted 
light,  than  to  the  dirctl  rayshowing 
from  the  ftars. 
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CONVERSATION  II, 


Of  the  Fixed  Stat's. 

CHARLES.  Another  beautiful 
evening  prefen ts  itfelf,  fhall  we  take 
the  advantage  which  it  offers  of 
going  on  with  our  aflronomicai  lee- 
tures  ? 

Tutor.  I have  no  obje&ion,  for 
we  do  not  always  enjoy  fuel)  oppor- 
tunities as  the  brightnels  of  the  pie- 
fent  evening  affords. 

James.  I wifli  very  much  to 
know  how  to  diflinguifli  the  ftars, 
and  to  be  able  to.  <^all  them  by  their 
proper  names. 
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Tutor.  This  you  may  very  foon 
learn ; a few  evenings,  well  int- 
P1  oved,  will  enable  you  to  diftin- 
guifh  all  the  ftars  of  the  firft  mag- 
nitude which  are  vifible,  and  all  the 
relative  polltions  of  the  different  con- 
futations. 

James.  What  are  conftellations, 
Sir?  . / . * 

Tutor . The  antients,  that  thev 
might  the  better  diftinguifh  and  de- 
feribe  the  ftars,  with  regard  to  their 
fituation  in  the  heavens,  divided 
them  into  conftellations,  that  is  fyf- 
tems  of  ftars,  each  fyftem  confifting 
of  fuch  ftars  as  were  hear  to  each 
other,  giving  them  the  names  of 
fuch  men  or  tilings,  as  they  fancied 
the  fpace  which  they  occupied  in  the 
heavens  rep  refen  ted. 
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Charles . Is  it  then  .perfectly  ar- 
bitrary that  one  collection  is  called 
• the  great  bear , another  the  dragon  ; 
a third,  Hercules , and  fo  on  ? 

Tutor.  It  is ; and  though  there 
have  been  additions  to  the  number 
of  bars  in  each  eonftellation,  and 
various  new  conftellations  invented 
by  modern  aftronomers,  yet  the  ori- 
ginal divifion  of  the  {tars  into  tbefe 
collections,  was  one  of  thofe  few  ar- 
"•  bitrary  inventions  which  has  de- 
scended without  alteration,  other- 
wife  than  by  addition,  from  the  days 
of  Ptolemy  down  to  the  prefent 
time. — —Do  you  know  how  to  find 

J 

the  four  Cardinal  points  as  they  are 
ulually  called,  the  North,  South, 

' Weft,  and  Ealt } 

James . O yes,  I know,  that  if  I 
look  at  the  fun  at  twelve  o’clock  at 
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noon,  I am  alfo  looking  to  the  fouth 
where  he  then  is:  mv  back  is  to- 

1 1/ 

wards  the  north ; the  weft  is  on  my 
right  hand,  and  the  eaft  oil  my 
left. 

Tutor.  But  you  muf!  learn  to 
find  thefe  points  without  the  abid- 
ance of  the  liiri  ; if  you  with  to  be  a 
young  aftronomer. 

Charles.  I have  often  heard  of 
the  north  pole  fiar ; that  will  per- 
haps anfwer  the  purpofe  of  the  fuuy 
when  he  has  left  us* 

/ 

Tutor.  You  are  right;  do  you 
fee  thofe  feven  {tars  which  are  in  the 
conftellation  of  the  Great  Bear ; 
feme  people  have  fuppofed  their  po- 
fition  will  aptly  reprefent  a plough; 
6thers  fay,  that  they  are  more  like  a 
waggon  and  horfes ; — the  four  dais 
reprefenting-  the  body  of  - the  wag* 
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s:on,  and  the  other  three  the  holies, 
and  hence  they  are  called  by  lome 
the  plough,  and  by  others  they  arc 
called  Charles’s  wain  or  waggon. 
Here  is  a drawing  of  it ; (Plate  i. 
Fig.  1.)  a b d g reprefent  the  four 
liars,  and  c z b the  other  three. 

Charles . What  is  the  l'tar  p ? 

Tutor.  That  reprefents  the  polar 
ftar  to  which  you  juft  now  alluded; 
and  von  obferve,  that  if  a line  were 
drawn  through  the  liars  /;,  and  a , 
and  produced  far  enough,  it  would 
nearly  touch  it. 

James.  Let  me  look  in  the 
heavens  for  it  by  this  guide.  There 
it  is,  Ifuppofe;  it  fhines  with  afteady, 
and  rather  dead  kind  of  light,  and 
it  appears  to  me,  that  it  would  be  a 
little  to  the  right  of  the  line  palling 
through  the  ftars  b and  a . 
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' Tutor . It  would,  and  thefe  ftars 
are  generally  known  by  the  name  of 
the  pointers , becaufe  they  point  to 
p the  north  pole,  which  is  fituated  a 
little  more  than  two  degrees  from  the 
ftar  p. 

Charles.  Is  that  ftar  always  in 

V 

the  fame  part  of  the  heavens  ? 

Tutor.  It  may  be  confidered  as 
uniformly  maintaining  its  pofition, 
■while  the  other  ftars  feem  to  move 
round  it  as  a center.  We  fhall  have 
occasion  to  refer  to  this  ftar  again  ; 
at  prefen t,  I have  directed  your  at- 
tention to  it,  as  a proper  method  of 
finding  the  cardinal  points  by  ftar- 
fight. 

James . Yes,  I underhand  now, 
that  if  I look  to  the  north,  by  hand- 
ing with  my  face  to  that  har,  the 
fouth  is  at  my  back,  on  my  right 

c 3 
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hand  is  the  call,  and  the  weft  on  Tny  • 
left.  i 

Tutor.  This  is  one  important  ftcp 
in  our  agronomical  lludies ; but  we 
can  make  ufe  of  thefe  liars  as  a kind 
of  ftandard,  in  order  to  discover  the 
names  and  pofitions  of  others  in  the 
heavens. 

Charles.  In  what  way  mull  we 
proceed  in  this  bufmefs  ? 

Tutor.  I will  give  you  an  exam- 
ple or  two  : conceive  a line  drawn 
from  the  liar  z,  leaving  b a little  to 
the  left,  and  it  will  pafs  through 
that  very  brilliant  ftar  near  the  ho- 
rizon towards  the  well. 

Jaynes.  I fee  the  ftar,  but  how  am 
I to  know  its  name? 

Tutor.  Look  on  the  celellial 
globe  for  the  ftar  z,  and  fuppofe  the 
line  drawn  on  the  globe,  as  we  con- 
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ceivcd  it  done  in  the  heavens,  and 
you  will  find  the  ftar,  and  its 
name. 

Chai'les.  Here  it  is  ; — its  name 
is  A returns. 

Tutor.  Take  the  figure,  (Fig.  1.) 
and  place  Arfiturus  at  a,  which  is  its 
relative  pofition,  in  refpefit  to  the 
conftellation  of  the  Great  Bear. 
Now,  if  you  conceive  a line  drawn 
through  the  ftars  g and  b,  and  ex- 
tended  a good  way  to  the  right,  it 
will  pafs  juft  above  another  very  bril- 
liant ftar.  Examine  the  globe  as 
before,  and  find  its  name. 

Charles.  It  is  Capella,  the  goat. 

Tutor.  Now,  whenever  you  fee 
any  of  thefe  ftars,  you  will  know 
where  to  look  for  the  others  without 
hefitation. 
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James.  But  do  they  never  mov£ 
from  their  places  ? 

Tutor.  With  refpeft  to  us,  they 
feem  to  move  together  with  the  whole 
heavens.  But  they  always  remain 
, in  the  fame  relative  pofition,  with 
refpe<5t  to  each  other.  Hence,  they 
are  called  fared  ftars,  in  oppofition  to 
the  planets,  which,  like  our  earth, 
are  continually  changing  their  places, 
both  with  regard  to  the  fixed  ftars, 

and  to  themfelves  alfo. 

> 

Charles.  I now  underhand  pretty 
well  the  method  of  acquiring  a know- 
ledge of  the  names  and  places  of 
the  ftars. 

Tutor.  And  with  this,  we  will 
put  an  end  to  our  prefent  conver- 
sation. 
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CONVERSATION  III. 


Of  the  Fixed  Stars , and  Ecliptic. 

* 

TUTOR.  I dare  fav  that  you 
will  have  no  difficulty  in  finding  the 
north  polar  ftar  as  foon  as  we  go  into 
the  open  air. 

James.  I fliall  at  once  know' 

where  to  look  for  that  and  the;  other 
ftars  which  you  pointed  out  Jaft 
night,  if  they  have  not  changed 
their  places. 

Tutor.  They  always  keep  the; 

fame  pofition,  with  refpedt  to  each 
other,  though  their  fituatjon,  with 
regard  to  the  heavens,  will  be  dif- 
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fcrent  at  different  feafons  of  the 
year,  and  in  different  hours  of 
the  nighti  Let  us  go  into  the 
garden. 

Charles.  The  ftars  are  all  in  the 
lame  place  as  we  left  them  laft 
evening.  Now,  Sir,  if  we  conceive 
a ftraic:ht  line  drawn  throusrh  the 
two  ftars  in  the  plough,  which,  in 
your  figure,  (Plate  i.  Fig.  1.)  are 
marked  d arid*  g,  and  to  extend  a 
good  way  down,  it  will  pufs,  or 
nearly  pafs'  through  a very  bright 
ftar,  though  not  fo  bright  as "Arc* 
turns  or  Capclla,  what  is  that 
cabled? 

Tutor.  It  is  a ftar  of  the  fecond 

• •'  .<X.  . * 

iiiagnitudc,  and  if  you  refer  to  the 
celeftial  globe,  in  the  fame  way  as 
you  were  inftru&ed  laft  night,  you 
will  find  it  is  called  Reg  ill  its,  or  Cor 
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Zeoms,  the  Lions  heart.  By  this  me- 
tuod  you  may  quickly  difcover  the 
.names  ot  all  the  principal  {tars,  and 
-afterwards,  with  a little  patience, 
.you  will  eafdy  diftinguifli  the  others, 
which  are  lefs  confpicuous. 

Charles.  But  they  have  not  all 
panics  j how  are  they  fpecified  ? 

Tutor.  If  you  look  on  the  globe, 
you  will  obferve,  fliat  they  are  dif- 
tinguiihed  by  the  different  letters  of 
the  Creek  Alphabet ; and  in 'thole 
conitellations,  in  which  there  are 

i i i 

ftars  of  different  apparent  magni- 
tudes, the  largcl t is  * alpha,  the 
next  in  fize  j3  beta,  the  third 
y gamma,  the  fourth  o delta,  ,aud 

io  on.  > 

James.  Is  there  any  particular 
reafon  fpr  this  ? 
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Tutor.  The  adoption  of  the  cha- 
racters of  the  Greek  alphabet,  rather 
than  anv  other,  was  perfectly  arbi- 
tary;  it  is,  however,  of  great  im- 
portance, that  the  fame  chara6lers 
fliould  be  ufed  in  general  by  aftrono- 
mers  of  all  countries,  for  by  this 
means  the  fcieiice  is  in  poffeffion  of  a 
fort  of  univerfai  language. 

Charles.  Will  you  explain  how 
this  is  ? 

Tutor.  Suppofe  an  aftrononoer 
in  North  America,  Afia,  or  any 
other  part  of  the  earth,  obferve  a 
comet  in  that  part  of  the  heavens 
1 where  the  confteilation  of  the  plough 
is  iituated,  and  he  withes  to  deferibe 
it  to  his  friend  in  Great  Britain,  in 
•order  that  he  may  know,  whether  it 
was  feen  by  the  inhabitants  of  this 
rfiand.  For  this  purpofc,  he  has 
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only  to  mention  the  time  when  he 
discovered  it ; its  pofition,  as  near- 
eft  to  foine  one  of  the  {tars,  calling 
it  by  the  Greek  letter,  by  which  it  is 
defignated ; and  the  courfe  which 
it  took  from  one  ftar  towards  art- 
other.  Thus  he  mi  edit  fav,  that  on 
fuch  a time  he  faw  a comet  near  J in 
the  Great  Bear,  and  that  its  courfe 
was  directed  from  o top,  or  any  other- 
' as  it  happens. 

Charles.  Then,  if  his  friend  here 
had  feen  a cornet  at  the  fame  t ime, 
he  would,  by  this  means  know,  whe- 
ther it  was  the  fame  or  a different 

4 , 

comet? 

Tutor.  Certainly,  and  hence  you 
perceive  of  what  importance  it  is, 
that  aftronomers  in  different  coun- 
tries fhoukl  agree  to  mark  the  fame 
ftars  and  fvft'ems  of  flirt's  bv  die 

%j  * 
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Him#  characters.  But  to  return  to 
that  itar,  to  which  you  juft  called 
my  attention,  the  cor  Iconis , it  is 
not  only  a remarkable  liar,  but  its 
pofition  is  alfo  remarkable,  it  is  fitu- 
ated  in  the  ecliptic . 

James.  What  is  that,  fir  ? 

Tutor.  The  ecliptic  is  an  imagi- 
nary great  circle  in  the  heavens, 
which  the  fun  appears  to  deferibe  in 
the  courfe  of  a year,  ff  you  look 
on  the  celeftial  globe,  you  will  fee  it 
marked  with  a red  line,  perhaps  an 
emblem  of  the  fierce  heat  commu- 

' ' ! • . t . I 

nicated  to  us  by  that  body. 

James.  But  the  fun  Teems  to  have 
a circular  motion  in  the  heavens 
every  day. 

TutQr.  It  does;  and  this  is  called 

’ . ' il  m : 

its  apparent  diurnal , or  daily  motion, 

. which  is  very  different  from'  the  path 
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it1 appears  to  traverfe  in  the  courfe  of 
a year.  The  former  is  obferved  by 
the  moft  inattentive  fpedator,  who 
cannot  but  know,  that  the  fun  is 
leen  every  morning*  in  the  Eaft,  at 
noon  in  the  South,  and  in  the  even- 
ing in  the  Weft,  but  the  knowledge 
of  the  latter  muft  be  the  rcfult  of 
patient  obfervation. 

Charles.  And  what  is  the  gfeefo' 
line  which  croifes  it  ? 

:v  ' , . • ' 

Tutor.  It  is  called  th e Equator; 
this  is  an  imaginary  circle  belong- 
ing to  the  earth,  which  you  nuift 
take  for  granted,  a little  longer,  is* 
of  a globular  form.  If  you  can  con- 
ceive the  plane  of  the  terreftrial  equa- 
tor to  he  produced  to  the  fphere  of 
the  fixed  ftars,  it  would  mark  out  a 
circle  in  the  heavens,  called  the 
cdeftial  equator  or  equinoctial , which 
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would  cut  the  ecliptic  in  .two. 

points.  ? ,v-  ...  . 

James.  Can  we  trace  the  circle 
of  the  ecliptic  in  the  heavens  ?' 

Tutor.  It  may  be  clone  with  to- 

. 1 * 

Icrable  accuracy  bv  two  metliocls  j 
jlrj ?,  by  obferving  feveral  remarkable 
fixed  ftars,  to  which  tlie  moon  in  its 
courfe  feems  to  approach.  The  fe- 
cond  method  is  by  obferving  the 
places  of  the  planets. 

Charles.  Is  the  moon  then  al- 

» *.  • 

ways  in  the  ecliptic? 

Tutor.  Not  exactly  fo;  but  it  is 
always  either  in  the  ecliptic,  or  within 
five  degrees  and  a third  of  it  on  one 
* fide  or  the  other.  The  planets  alfo, 
by  which  I mean,  Mercury,  Venus, 
Mars,  Jupiter,  Saturn,  and  the 
Ilerfehel,  arc  never  more  than  eight 
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degrees  distant  from  the  line  of  the 
ecliptic. 

James.  How"  can  we  trace  this 
line,  by  help  of  the  fixed  ftars  ? 

Tutor.  By  comparing  the  ftars  in 
the  heavens,  with  their  reprefenta- 
tives  on  the  artificial  globe,  a prac- 
tice which  may  be  readily  acquired, 
as  you  have  feen.  I will  mention  to 
you  the  names  of  thofe  ftars,  and 
you  may  firft  find  them  on  the 
globe,  and  then  refer  to  as  manv  of 
them  as  arenowr  viiible  in  the  heavens. 
The  firft  is  in  the  Ram's  horn  called 
a Arietis,  about  ten  degrees  to  the 
north  of  the  ecliptic ; the  fecond  is 
the  ftar  A l debar  an  in  the  Bull’s  eye, 
fix  degrees  foiith  of  the  ecliptic. 

Charles.  Then  if  at  any  time 
I fee  thefe  two  ftars,  I know  that  the 
ecliptic  runs  between  them,  and 
x>  3 
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nearer  to  Aldebaran,  than  to  that  in 
the  Rams  horn. 

Tutor.  Yes : now  carry  your  eye 
eaftward  to  a didance  feme  what 
greater  from  Aldebaran,  tlian  that  is 
eaft  of  a Arietis,  and  you  will  per- 
ceive two  bright  ftars  at  a fmall  dif- 
tance  from  one  another  called  Cqftor 
and  Pollux ; the  lower  one,  and  that 
which  is  lead  brilliant  is  Pollux, 
■feven  degrees  on  the  north  fide  of  the 
ecliptic.  Following  the  fame  tract, 
you  will  come  to  Regulus , or  the 
for  leonix,  which  I have  already  ob- 
ferved  is  in  the  line  of  the  ecliptic. 
Peyond  this,  and  only  two  degrees 
l'outh  of  that  line,  you  will  find  the 
beautiful  ftar  in  the  virgin’s  hand, 
called  Spica  Virginis.  You  then  ar- 
rive at  Antares,  or  the  Scorpion's 
heart,  five  degrees  on  the  fame  fide 
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of  the  ecliptic.  Afterwards  you  will 
find  a Aquilce , which  is  fituated 
nearly  thirty  degrees  north  of  the 
ecliptic:  and  farther  on  is  the  ftar. 
Fomahaut  in  the  filh’s  mouth,  about 
as  many  degrees  fouth  of  that  line. 
The  ninth  and  laft  of  thefe  ftars  is 
Pegafus,  in  the  wing  of  the  flying* 
horfe,  which  is  north  of  the  ecliptic 
nearly  twenty  degrees. 

James.  Upon  what  account  are 
thefe  nine  ftars  particularly  noticed  ? 

Tutor.  They  are  fele&ed  as  the 
moft  confpicuous  ftars  near  the 
moon's  orbit,  and  are  confidered  as 
proper  ftations,  from  which  the 
moon’s  diftance  is  calculated  for 
every  three  hours  of  time : and  hence 
are  conftrueied  thofe  tables  in  the 
Nautical  Almanac , by  means  of 
which  navitrator.  in  their  moll 
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diftant  voyages  are  enabled  to  efti- 
mate  on  the  traeklefs  ocean,  the  par- 
ticular part  of  the  globe  on  which 
they  are. 

Charles.  What  do  you  mean  by 
the  Nautical  Almanac  ? 

Tutor.  It  is  a kind  of  National 
Almanac,  intended  chiefly  for  the 
ufe  of  perfons  tra verting  the  mighty 
ocean.  It  was  begun  in  the  year 
] 767,  by  Dr.  Mafkelyne  the  Aftro- 
nomer  Royal ; and  is  publillied  by 
anticipation  for  feveral' years  before- 
hand, for  the  convenience  of  fhips 
going  out  upon  long  voyages.  This 
work  has  been  found  eminently  im- 
portant in  the  courfe  of  the  late  voy- 
ages round  the  world  for  making 
difeoveries. 
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CONVERSATION  IV. 

1 • " + 


Of  the  Ephemeris. 

CHARLES.  Your  fecond  me- 
thinl  of'  tracing  the  ecliptic,  was  by 
means  of  the  polition  of  the  planets: 
will  you  explain  that  now  ? 

Tutor.  I will ; and  to  render 
you  perfectly  qualified  for  obferving 
the  ftars,  I will  devote  the  prefent 
converfation  to  the  purpofe  of  ex- 
plaining the  ufe  of  White’s  Epheme- 
ris, a little  book  which  is  publifhed 
annually,  and  which  is  a necelfary 
companion  to  every  young  allrono- 
rper. 
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James.  Muft  we  understand  all 

j 

this  to  ftudy  the  fiars  ? 

Tutor.  You  muft  ; or  fome  other 

'• » * * ' 

hook  of  the  fame  kind,  if  you  would 
proceed  on  the  beft  and  molt  rational 
plan.  Befrdes,  when  you  know  the 
ufe  of  this  book,  which  you  will 
completely  with  half  an  hour’s  at- 
tention, you  have  nothing  more  to 
do  in  order  to  find  the  pofition  t>f 
the  planets  at  any  day  of  the  year, 
than  to  turn  to  that  day  in  the 
Ephemeris,  and  you  will  iiiftantly 
be  directed  to  thofe  parts  of  the 
heavens,  in  which  the  different  pla- 
nets  are'  fituated.  Turn  to  the  fe- 
cond  page. 

Charles.  Here  the  aftronomical 
characters  are  explained. 

K 'Tutor.  THe  firft  twelve  are  the 
reprefentatives  of  the  figns  into  which' 
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the  circle  of  the  ecliptic  is  divided, 
called  alfo  the  twelve  figns  of  the 
Zodiac. 

T Aries.  & Leo.  ^ Sagittarius. 

H Taurus,  nj  Virgo.  Yf  Capricorn. 

II  Gemini.  Libra.  7Z  Aquarius, 

os  Cancer.  T1\  Scorpio.  X Pifces. 

Every  circle  connedled  with  this 

fubjett  is  fuppofed  to  be  divided  into 
360  parts,  called  degrees,  and  fmce 
that  of  the  ecliptic  is  alfo  divided 
into  12  ligns,  each  fign  nmft  con- 
tain 30  decrees.  Aftronomers  fub- 
divide  each  degree  into  minutes  and 
feconds,  thus  if  I would  exprefs  an 
angle  of  25  degrees,  1 1 minutes  and 
45  feconds,  I flioukl  write  25°.  . 
IK  . 45".  * Or,  if  I would  exprefs 
the  Situation  of  the  fun  for  the  iirft 


36 


ASTRO  NO  Mt\ 


of  Janury,  1800,  I look  into  the 
ephemeris  and  find  it  in  Capricorn, 
or  V 10°. . 36 f.  . 38". 

James.  What  do  you  mean  by 
the  Zodiac  ? 

Tutor.  It  is  a broad  circle  or  belt 
furrounding  the  heavens,  about  fix- 
teen  degrees  wide  ; along  the  mid- 
dle of  which  runs  the  ecliptic.  The 
term  Zodiac  is  derived  from  a Greek 
word  fignifying  an  animal,  heeaufe 
each  of  the  twelve  figns  formerly  re- 
prefeuted  lomc  animal ; that  which 
we  now  call  Libra,  being  by  the  an- 
cients reckoned  a part  of  Scorpio. 

James.  Why  are  the  figns  of  th* 
Zodiac  called  by  the  feveral  names 
of  Aries,  Taurus,  Leo,  &e.  I fee  no 
likenefs  in  the  heavens,  to  Rams,  or 

4 

Lulls,  or  Lions,  -which  arc  the 
LiigTnTr  words  for  thbfe  Tatin  ones. 
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Tutor.  Nor  do  I ; neverthelefs, 
the  ancients  faw,  by  the  help  of  a 
ftrong  imagination,  a iimilarity  be- 
tween thofe  animals,  and  the  places 
which  certain  fyftems  of  flars  took 
up  in  the  heavens,  and  gave  them 
the  names  which  have  continued  to 
this  dav. 

V 

Charles.  Perhaps  thefe  were  ori- 
ginally invented,  in  the  fame  wTay  as 
we  fometimes  figure  to  our  imagina- 
tion, the  appearances  of  men,  beafts, 
fhips,  trees,  & c.  in  the  flying  clouds 
or  in  the  fire. 

Tutor.  They  might  poffibly  have 
no  better  authority' for  their  origin. 
At  any  rate  it  w7ill  be  ufeful  for  you 

to  have  the  names  of  the  twelve 

»*  ■ * ' 

figns  in  your  memory,  as  well  as  the 
order  in  which  they  fland : I will 
therefore  repeat  fome  lines  written. 

vol.  n,  E 
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by  Dr.  Watts,  in  which  the)’’  are  ex- 
prefled  in  Englilh,  and  will  be  eafdy 
remembered: 

The  Ram,  the  Bull,  the  heavenly  Twins, 

And  next  the  Crab,  the  Lion  fhines,  . 

The  Virgin  and  the  Scales ; 

The  Scorpion , Archer , and  Sea -Goat, 

The  Man  that  holds  the  watering  pot. 

And  Fifb  with  glittering  tails. 

Charles . We  come  now  to  the 
chara&ers  placed  before  the  planets. 

Tutor.  Thefe,  like  the  former, 
arc  but  a kind  of  iliort-hand  eha- 
ra£ters,  which,  it  is  efteemed  eafier 
to  write,  than  the  names  of  the 
planets  at  length.  They  are  as 
follow. 


$ The  Hcrfchel.  O 

Jp  Saturn.  ? 

% Jupiter.  5 

# Mars.  J> 

0 T he  Earth. 


The  Sun. 
Venus. 
Mercury. 
The  Moon. 
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With  the  other  characters  vou  have 

J 

no  need  to  trouble  vourfelves,  till 
you  come  to  calculate  eclipfes,  and 
con'truCt  aftronomical  tables,  a la- 
bour which  may  be  deferred  for  fome 
years  to  come.  Turn  to  the  eighth 
page. 

James.  Have  we  no  concern  with 
the  intermediate  pages  between  the 
iecond  and  eighth  ? 

Tutor.  They  do  not  contain  any 
thing  that  requires  explanation.  In 
the  eighth  page,  after  the  common, 
almanac  for  January,  the  two  fir  It  co- 
lumns point  out  the  exaCt  time  of 
the  fun’s  riling  and  fetting  at  Lon- 
don : thus  on  the  10th  day  of  Ja- 
nuary he  rifes  at  58  minutes  after 
7 in  the  morning,  and  lets  at  2 mi- 
nutes pad  4 in  the  afternoon.  The 
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third  column  gives  the  declination 
of  the  fun. 

James.  What  is  that,  Sir  ? 

Tutor.  The  declination  of  the 
fun,  or  of  any  heavenly  body,  is  its 
diftance  from  the  imaginary  circle 
in  the  heavens,  called  the  equinoctial . 
Thus  you  obferve  that  the  fun’s  de- 
clination on  the  firft  of  January  is 
23°.  . 4'  fouth  ; or,  it  is  fo  many  de- 
grees fouth  of  the  imaginary  equator. 
Turn  to  March  1803,  and  you  will  fee 
that  between  the  20th  and  21ft  days 
it  is  in  the  equator,  for  at  12  o’clock 
at  noon  oil  the  20th  it  is  only  25' 
fouth,  and  at  the  fame  hour  on  the 
21ft  it  is  T north  of  that  line:  and 
when  it  is  in  the  equator,  then  it  has 
no  declination. 

Charles.  Do  aftronomers  always 
reckon  from  12  o'clock  at  nopft  ? 
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Tutor.  They  do  ; and  hence  the 
agronomical  day  begins  12  hours 
later  than  the  day  according  to  com- 
mon reckoning  : and  therefore  the 
declination,  longitude,  latitude,  kc. 
of  the  fun,  moon,  and  planets,  are 
always  put  down  for  12  o’clock  at 
noon  of  the  day  to  which  they  are 
oppofitc.  Thus  the  fun’s  declination 
for  the  16’th  of  January  at  12  o’clock 
is  203 . . o 6'  fouth. 

Charles.  Is  that  becaufc  it  is  the 
commencement  of  the  aftronomical 
day,  though  in  common  life  it  be 
called  12  o'clock? 

Tutor.  It  is.  The  three  next 
columns  contain  the  moons  declina- 
tion, the  time  of  her  riling  and  let- 
ting, and  the  time  of  her  fouthing, 
or  when  die  comes  to  the  meridian, 
pr  fouth  part  of  the  heavens. 

E 3 


ASTRONOMY. 


Charles.  Does  Die  not  come  to 
the  fouth  at  noon  as  well  as  the  fun  ? 

Tutor . No;  the  moon  never 

comes  to  the  meridian  at  the  fame 
time  as  the  fun,  but  at  the  time  of 
new  moon.  And  this  circumftance 
takes  place  at  every  new  moon,  as 
you  may  fee  by  cafting  your  eye 
down  the  feveral  columns  in  the 
ephemeris  which  relate  to  the  moon’s 
fouth  in g. 

The  glory,  the  changes,  and  the 
motion  of  the  moon,  are  beautifully 
defciibed  in  the  following  lines  : 

By  thy  command  the  Moon,  as  day-light  fades, 
Lifts  her  broad  circle  in  the  jdeep’ning  lhades  ; 
Array’d  in  glory,  and  enthron’d  in  light, 

She  breaks  thefolernn  terrors  of  the  night ; 
Sweetly  inconftant  in  her  varying  flame, 

She  changes  (till,  another,  yet  the  fame! 

Now  in  decreafe,  by  flow  degrees  lbe  fhrouds 
Her  fading  luftre  in  a veil  of  clouds ; 
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Now  of  increafe,  her  gathering  beams  difplay 
A blaze  of  light,  and  give  a paler  day  ; 

Ten  thoufand  liars  adorn  her  glittering  train, 

Fall  when  fire  falls,  and  rife  with  her  again  ; 

And  o’er  the  defer  t?s  of  the  Iky  unfold 
Their  burning  fpangles  of  fidereal  gold  : 
Through  the  wide  heavens  Ihe  moves  ferenely 
bright. 

Queen  of  the  gay  attendants  of  the  night ; 

Orb  above  orb  in  fweet  confufion  lies. 

And  with  a bright  diforder  paints  the  Ikies. 

Broome. 

James.  What  do  you  fay  of  the 
7th  column; — the  clock  be/ore  the 
fun  ? 

Tutor.  A full  explanation  of  that 
muft  be  deferred  till  we  come  to 
Ipeak  of  the  equation  of  time;  at 
prefen t it  will  be  fufficient  for  you 
to  know  that  if  you  are  in  poifcfTion 
of  a very  accurate  and  well  regu- 
lated clock,  and  alfo  of  an  excellent 
fun-dial,  they  will  be  together  only 
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four  days  in  a year;  now  this  7th 
column  in  the  ephemeris  points  out 
how  much  the  clock  is  before  the  fun ; 
or  the  fun  before  the  clock  for  every 
day  in  the  year.  On  twelfth-day  1803 
for  inftance,  the  clock  is  fader  than 
the  fun  by  6'  minutes:  but  if  you  turn 
to  May-day  you  will  find  that  the 
clock  is  2'.  . 59"  dower  than  the  fun, 

James.  What  are  the  four  days 
in  the  year  when  the  clock  and  dial 
are  together  P 

Tutor.  About  the  1.5th  of  April; 
the  loth  of  June;  the  firft  of  Sep- 
tember; and  Chriftmas-day. 

4 

Charles,  Ilv  this  table  then  we 
«/ 

may  regulate  our  clocks  and  watches. 

Janies.  In  what  manner? 

Charles.  Examine  on  any  parti- 
cular day  the  clock  or  watch,  and  dial 
at  the  fame  time,  fay  12  o'clock,  and 
obferve  whether  the  difference  be- 
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tween  them  anlwer  to  the  difference 
fet  down  in  the  table,  oppofite  to  the 
day  of  obfervation.  Thus  on  the  1 2th 
of  March  J 803  tlie  clock  will  not  (hew 
true  time,  unle’fs  it  be  10'.  . 12" 
before  the  dial,  or  when  the  dial  is 
12  o’clock  it  mud  be  10'.  . 12" 
paft  12  by  the  clock  or  watch. 

Tutor.  Weil,  let  us  proceed  to  the 
next  page.  The  three  firft  Jhort  co- 
lumns, relating  only  to  the  duration 
of  day-light  and  twilight,  require  no 
explanation  : the  fourth  we  fhall  pafs 
over  for  the  prefent ; and  the  remain- 
ing five  give  the  latitude  of  the  planets. 

James.  What  do  you  mean  by 
the  latitude,  Sir? 

Tutor.  The  latitude  of  any  hea- 
ven lv  body  is  its  diftance  from  the 
ecliptic  north  or  fourth,  ihe  latitude 
of  Venus,  on  new-year’s  day  1803,  is 
4°  north, 
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Charles.  Then  the  latitude  of 
heavenly  bodies,  has  the  fame  refer- 
ence to  the  ecliptic,  that  declination 
has  to  the  equator  ? 

Tutor.  It  has. 

James.  But  I do  not  fee  any 
table  of  the  fun's  latitude. 

Tutor.  I dare  fav  your  brother 
can  give  you  a reafon  for  this. 

Charles.  Since  the  latitude  of  a 
heavenly  body  is  its  dijlance  from 
the  ecliptic,  and  fmcc  the  fun  is 
always  in  the  ecliptic,  therefore  he 
can  have  no  latitude. 

Tutor.  The  longitude  of  the  fun 
and  planets  is  the  only  thing  in  this 
page  that  remains  to  be  explained. 
The  longitude  of  a heavenly  body  is 
its  diltance  from  the  firft  point  of  the 
figu  Aries,  and  it  is  meafured  on  the 
ecliptic.  It  is  ufual,  however,  as 
you  obferve  in  the  ephemeris,  to  exr 
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prefs  the  longitude  of  a heavenly 
body  by  the  degree  of  the  fign  in 
which  it  is.  In  this  way  the  fun’s 
longitude  on  the  frit  of  January, 
1803,  is  in  Capricorn  10°..  12'. . 
23";  that  of  the  moon  in  Aries, 
20°  . . 2b' ; that  of  Jupiter  is  in  Li- 
bra 5° . . 22' ; and  fo  on. 

Charles.  There  are  fome  fhort 
columns  at  the  bottom  of  the  former 
page  that  you  have  omitted. 

Tutor.  The  ufe  of  thefe  will  be 
better  underftood  when  we  come  to 
converfe  refpe&ing  the  planets*. 


* For  the  explanation  of  Heliocentric  Lon- 
gitude, fee  Converfation  XX, 
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Of  the  Solar  Syftem. 

TUTOR . We  will  now  proceed 
to  the  defeription  of  the  Solar 
Siftem. 

James.  Of  what  does  that  con- 
fift,  Sir? 

Tutor.,  It  confiftsof  the  fun,  and 
-planets,  with  their  fatellites  or  moons. 
It  is  called  the  Solar  Si/Jiem,  from 
Sol  the  fun,  becaufe  the  fun  is  fup- 
pofed  to  be  fixed  in  the  center, 
while  the  planets,  and  our  earth 
among  them,  revolve  round  him  at 
different  diftances. 
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Charles.  But  are  there  not  fome 
people  who  believe  that  the  fun  goes 
round  the  earth  ? 

1'utor.  Yes,  it  is  an  opinion  em- 
braced by  the  generality  of  perfons, 
not  accuftomed  to  reafon  on  thefe 
lubjefiis.  It  was  adopted  by  Pto- 
lemy, who  fuppofed  the  earth  per- 
fectly at  reft,  and  the  fun,  planets, 
and  fixed  ftars  to  revolve  about  it 
every  twenty-four  hours. 

James.  And  is  not  that  the  nioft 
natural  fuppofition  ? 

Tutor.  If  the  fun  and  ftars  were 
fmall  bodies  in  companion  of  the 
earth,  and  were  fituated  at  no  very 
great  diftance  from  it,  then  the 
fyftem  maintained  by  Ptolemy  and 
his  followers  might  appear  the  molt 
probable. 
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James.  Are,  tlie  fun  and  ftars 
very  large  bodies  then  ? 

Tutor.  The  fun  is  more  than  a • 
million  of  times  larger  than  the  earth 
which  we  inhabit,  and  many  of  the 
fixed  ftars  are  probably  much  larger 
than  he  is. 

Charles.  What  is  the  reafon, 
then,  that  they  appear  fo  final!  ? 

Tutor.  This  appearance  is  caufed 
by  the  immenfe  diflance  there  is  be- 
tween us  and  thefe  bodies.  It  is 
known  with  certainty,  that  the  fun 
is  more  than  Q5  millions  of  miles 
diftant  from  the  earth,  and  the 
neareft  fixed  ftar  is  probably  more 
than  two  hundred  thouland  times 
farther  from  us  than  even  the  fun 
himfelf  *. 

* The  young  reader,  will  when  he  is  able 
to  manage  the  fubjeft,  fee  this  clearly  dc- 
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Charles.  Cut  we  can  form  no 
conception  of  fuch  diftances. 

Tutor.  We  talk  of  millions,  with 
as  much  cafe  as  of  hundreds  or  tens, 
but  it  is  not,  perhaps,  poffible  for  the 
mind  to  form  any  adequate  concep- 
tions of  fuch  high  numbers.  Se- 
veral methods  have  been  adopted  to 
a Hi  ft  the  mind  in  comprehending 
the  vaftnefs  of  thefe  diftances.  You 
have  fome  idea  of  the  fwiftnefs  with 
which  a cannon-ball  proceeds  from 
the  mouth  of  the  gun  ? 

James.  I have  heard  at  the  rate 
of  eight  miles  in  a minute. 

Tutor.  And  you  know  how  many 
minutes  there  are  in  a year? 

/ 

monftrated  by  a feries  of  propofitions  in  the 
$th  book  of  Dr.  Enfield’s  Inftitutes  of  Natural 
Philofophy.  Second  Edition.  See  p.  346  to 
the  end  of  book  V. 
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James.  I can  eafily  find  that  out, 
by  multiplying  365  days  by  24  for 
the  number  of  hours,  and  that  pro- 
duct by  6'0,  and  I ihall  have  the 
number  of  minutes  in  a year,  which 
number  is  525,600. 

Tutor.  Now  if  you  divide  the 
diftance  of  the  fun  from  the  earth 
by  the  number  of  minutes  in  a year 
multiplied  by  8,  becaufe  the  can- 
non-ball travels  at  the  rate  of  8 
miles  in  one  minute,  and  you  will 
know  how  long  any  body  iffuing* 
from  the  fun,  with  the  velocity  of 
a cannon-ball,  would  employ  in 
reaching  the  earth. 

Charles.  If  I divide  95,000,000 
by  525,600,  multiplied  by  8 or 
4,204,800,  the  anfwer  will  be  more 
than  22,  the  number  of  years  taken 
fov  the  joujrney. 
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Tutor.  Is  it  then  probable  that 
bodies  fo  large,  and  at  fuch  diftances 
tiom  the  eaith,  thould  revolve  round 
it  every  day  ? 

Chanes.  I do  not  think  it  is. — 
Mill  you,  Sir,  go  on  with  the  de- 
fcription  of  the  Solar  System  ? 

Tutor.  According  to  this  fyftem, 
the  fun  is  in  the  center,  about 
which  the  planets  revolve  from  zvcj} 
to  caft,  according  to  the  order  of 
the  ligns  in  the  ecliptic ; that  is,  if 
a planet  is  feen  in  Aries,  it  advances 
to  Taurus,  then  to  Gemini,  and 
fo  on. 

James.  How  many  planets  are 
there  belonging  to  the  fun  ? 

Tul  o) . At  prefen t there  have  been 
difcovered  no  more  than  feven. 

C (Plate  1.  Fig.  2.)  is  the  fun,  the 
neared  to  which  Mercury  revolves 
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in  the  circle  a ; next  to  him  is  the 
beautiful  planet  Venus,  who  per- 
forms her  revolution  in  the  circle  b ; 
then  comes  the  Earth  in  t ; next  to 
which  is  Mars  in  e ; then  Jupiter  in 
the  circle  /’;  afterwards  Saturn  in  g; 
and  far  beyond  him  the  Herfchel 
planet  performs  his  revolution  in  the 
circle  h.  Do  you  recolledt  the  lines 
in  Thom fon's  Summer? 

an(j  thou,  O Sun  ; 

Soul  of  furrounding  worlds  ! in  whom  beft  fcen 
Shines  out  thy  maker  ! may  I fmg  of  thee  ? 

"Tis  by  thy  fecret,  ftrong  attra&ive  force, 

As  with  a chain  indiffoluble  bound, 

Thy  fyftem  rolls  entire  : from  the  far  bourne 
Of  utmoft  Herfchel,  wheeling  wide  his  round 
Of  four/ core  years  ; to  Mercury,  whofe  difk 
Can  fcarce  be  caught  by  philofophic  eye. 

Loft  in  the  near  effulgence  of  thy  blaze. 

Charles.  You  have  fubftituted 
the  words  Herfchel,  and  fourfcore, 
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for  Saturn  and  thirty.  Thefe  lines 
are  delcriptive  of  the  figure. 

James.  For  what  are  the  fmaller 
circles  which  are  attached  to  feveral 
of  the  larger  ones  intended  ? 

Tutor.  They  are  intended  to  re- 
prefent  the  orbits  of  the  feveral  fa- 
tellites  or  moons  belonging  to  fome 
of  the  planets. 

James.  What  do  you  mean  bv 

v * 

the  word  orbit  ? 

Tutor.  The  path  defcribcd  by  a 
planet  in  its  courfe round  the  fun,  or 
by  a moon  round  its  primary  planet, 
is  called  its  orbit.  Look  to  the  orbit 
of  the  earth  in  t (Fig.  2.)  and  you  will 
fee  a little  circle,  which  reprefen ts 
the  orbit  in  which  our  moon  per- 

«r 

forms  its  monthly  journey. 

Charles.  Has  neither  Mercury 
nor  Venus  any  moon  ? 
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Tutor.  None  have  ever  been  dif~ 
covered  belonging  either  to  Mercury, 
Venus,  or  Mars.  Jupiter,  as  you  ob- 
ferve  by  the  figure,  has  four  moons  : 
Saturn  has  feven  : and  the  Herfchel 
planet,  (which  aifo  goes  by  the  name 
of  the  Georgium  Sidus)  lias  fix, 
'which  for  want  of  room  are  not 
drawn  in  the  plate.  > 

Charles.  The  Solar  Syjlcm  then 
con  fills  of  the  fun  as  a center,  round 
which  revolve  feven  planets,  and 
eighteen  fatellites  or  moons.  Are  there 
no  other  bodies  belonging  to  it? 

Tutor.  Yes,  two  other  planetary 
bodies  have  been  very  lately  di (co- 
vered as  belonging  to  the  foiar 
fyftem.  Thefe  are  very  fmall  and 
called  the  Yiazzi  and  Olbers,  from 
the  gentlemen  who  difeovered  them. 
There  are  comets  alfo  which  make 
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their  appearance  occafionally ; and  it 
would  be  wrong  pofitively  to  affirm, 
that  there  can  be  no  other  planets 
belonging  to  the  Solar  Syftem ; fince, 
bolides  the  two  bodies  juft  men- 
tioned, it  is  only  within  thefe  few 
years  that  the  feventh  or  the  Herf- 
chel  has  been  known  to  ex  id;  as  a 
planet  connected  with  this  fyftem. 

Charles.  Who  fir  ft  adopted  the 
fyftem  of  the  world  which  you  have 
been  deferibing? 

Tutor.  It  was  conceived  and 
taught  by  Pythagoras  to  his  difriples, 
500  years  before  the  time  of  Chrift. 
But  it  feems  foon  to  have  been  < id- 
regarded,  or  perhaps  totally  rejected,  - 
till  about  300  years  ago,  when  it  was 
revived  by  Copernicus,  and  is  at 
length  generally  adopted  by  men  of 
fcience : 
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The  fun  revolving  on  his  axis  turns. 

And  with  creative  fire  intcnfely  burns ; 
Imped'd  the  forcive  air,  our  earth  fupreme 
Rails  with  the  planets  round  the  folar  gleam  : 
Firft  mercury  completes  his  tranfient  year. 
Glowing  refulgent,  with  rcflefled  glare  ; 
Bright  Venus  occupies  a wider  way, 

The  early  harbinger  of  night  and  day  ; 

More  diilant  ftill  our  globe  terraqueous  turns. 
Nor  chills  intenfe,  nor  fiercely  heated  burns. 
Around  her  rolls  the  lunar  orb  of  light. 
Trailing  her  filver  glories  thro'  the  night : 
Beyond  our  globe  the  fanguine  Mars  difplays 
A ftrong  refleftion  of  primeval  rays  ; 

Next  belted  Jupiter  far  diftant  gleams. 
Scarcely  enlightened  with  the  folar  beams  ; 
With  four  unfix’d  receptacles  of  light 
He  towers  majeftic  thro'  the  fpacious  height ; 
But  farther  yet  the  tardy  Saturn  lags. 

And  feven  attendant  luminaries  draes  • 
Inverting  with  a double  ring  his  pace. 

He  circles  thro'  immenfity  of  fpace. 

' Chatterton. 
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CONVERSATION  VI. 


Of  the  Figure  of  the  Earth. 

TUTOR.  Havi  ng,  in  our  last  con- 
verfation,  given  you  a defeription  of 
the  Solar  System  in  general,  we  will 
now  proceed  to  conlider  each  of  its 
parts  feparately : and  fince  we  are 
moft  of  all  concerned  with  the  earth , 
we  will  begin  with  that  body. 

James.  You  prom  il'ed  to  give  us 
fome  reafons  why  this  earth  mult  be 
in  the  form  of  a globe  and  not  a 
mere  extended  plane,  as  it  appears  to 
common  observation. 

Tutor.  Suppofe  you  were  ftand- 
ing  by  the  fea-ihore,  on  a level  with 
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the  water,  and  at  a very  conliderable 
diftance,  as  far  as  the  eye  can  reach, 
you  obferve  a (hip  approaching,  what 
ought  to  be  the  appearance,  fuppofing 
the  furface  of  the  fea  to  be  a flat 
plane? 

Charles.  We  ihould,  I think,  fee 
the  whole  drip  at  once,  that  is  the 
hull  would  be  visible  as  foon  as  the 
top-maft. 

Tutor.  It  certainly  mult,  or  indeed 
rather  fooner,  becaufe  the  body  of 
the  veffel  being  fo  much  larger  than 
a (lender  maft,  it  muft  necelfarilv  be 
vifible  at  a greater  diflan ce. 

James.  Yes,  I can  fee  the  fteeple 
of  a church  at  a much  greater  dif- 
tance  than  I can  difeern  the  iron 
conductor  which  is  upon  it,  and  that 
I can  perfectly  fee  long  before  the 
little  piece  of  gold  wire,  which  is  fixed 
at  its  extremity,  is  vifible.  2 
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Titlcr.  V,  ell,  hut  the  top-maft  of 
a veffcl  at  lea  is  always  in  view  feme 
little  time  before  the  hull  of  the  vef- 
fcl  can  bo  difeerned.  Now,  if  the 
fur  face,  of  the  lea  he  globular,  this, 
ought  to  be  the  appearance,  becaufe 
the  protuberance  or  fwelling  of  the 
water  between  the  veffel,  and  the  eve 
of  the  fpeeftitor,  will  hide  the  body 
of  the  lJjip  feme  time  after  the  pen- 
dant is  feen  above. 

. Charles.  In  the  fame  way  as  if  a 
high  building,  a church  for  iuftance, 
were  lituated  on  one  fide  of  a hill, 
and  l was  walking  up  on  the  oppofite 
fide,  the  fteeple  would  come  hr  ft  in 
fight,  and  as  I advanced  towards  the 
fummit,  the  other  parts  would  come 
iuceeftivelv  in  view. 

Tutor.  \ our  illuftration  is  quite 
to  the  purpofe:  in  the  fame  way  two 
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perfons,  walking  up  a hill  on  the  op- 
polite  tides,  will  perceive  each  other’s 
heads  firft ; and  as  they  advance  to 
the  top,  the  other  parts  of  their  bo- 
dies will  become  vifible.  With  refpeft 
to  the  thip,  the  following  figure  will 
convey  the  idea  very  completely, 
(Plate  1.  Fig.  3.)  Suppofe  cab  re- 
prefen t a fmall  part  of  the  curved 
furface  of  the  fea ; if  a fpedtator 
hand  at  b,  while  a thip  is  at  c,  only 
a fmall  part  of  the  malt  is  vilible  to 
him,  but  as  it  advances,  more  of  the 
fillip  is  feen,  tiil  it  arrive  at  e,  when 
the  whole  will  be  in  fight : 

Behold,  when  the  glad  fhip  fhoots  from  the  port 
Upon  full  fail,  the  hulk  firft  difappears, 

And  then  the  lower,  then  the  higher  fails  ; 

At  length  the  fummit  of  the  towering  maft 
Alone  is  feen  : nor  lefs,  when  from  the  fhip 
The  longing  Tailor's  eye  in  hope  of  ftiore  : 


OF  THE  FIGURE  OF  THE  EARTH.  G 3 

For  then,  from  the  top-maft,  though  more  remote 
Than  either  deck,  the  (hore  is  firft  beheld. 

Lofft’s  Eudosia. 

Charles.  When  I ftood  by  the  fea- 
fide  the  water  did  not  appear  to  me 
to  be  curved. 

Tutor.  Perhaps  not ; but  its  con- 
vexity may  be  difeovered  upon  any 
Pill  water;  as  upon  a river,  which 
is  extended  a mile  or  two  in  length, 
for  you  might  fee  a very  fin  all  boat 
at  that  diftance  while  Handing  up- 
right ; if  then  you  Poop  down  fo  as 
to  bring  your  eye  near  the  water, 
you  will  find  the  furface  of  it  rifing 
in  fuch  a manner  as  to  cover  the 
boat,  and  intercept  its  view  com- 
pletely. Another  proof  of  the  glo- 
bular figure  of  the  earth  is,  that  it 
is  neceffary  for  thofe  who  are  em- 
ployed in  cutting  canals,  to  make  a 
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certain  allowance  for  the  convexity  ; 
fince  the  true  level  is  not  a itrnisjit. 
line,  but  a curve  which  falls  below 
it  eight  inches  in  every  mile. 

Charles.  I.  have  heard  of  people 
failing-  round  the  world,  which  is 
another  proof,  I imagine,  of  the1 
globular  figure  of  the  earth. 

Tttlor.  It  is  a well  known  faff  that: 
navigators  have  fet  out  from  a parti- 
cular port,  and  by  ftfceHng  their  Oourfe 
continuailv  welhvard,  have  at  length, 
arrived  at  the  fame  place  from  whence, 
they  fi lit  departed.  Now  had  the* 
earth  been  an  extended  plane,  the. 
longer  they  had  travelled,  the  farther 
mutt  they  have  been  from  home. 

Charles.  How  is  it  known  that* 
they  continued  the  fame  eourfe  ? 
might  they  not  have  been  driven 
round  at  open  fea? 
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. Tutor.  Bv  means  of  the  mariner’s 
compafs,  the  hiftory,  properties,  and 
ufes  of  which,  I will  explain  very 
particularly  in  • a future  part  of  our 
lectures,  the  method  of  failing  on  the 
ocean  by  one  certain  traft,  is  as  lure 
as  travelling  on  the  high  London  road 
from  the  metropolis  to  York.  By  this 
method,  Ferdinand  Magellan  failed 
in  the  year  1519  from  the  wcftern 
coaft  of  Spain,  and  continued  his 
voyage  in  a weft  ward  courfe  till  he  ar- 
rived after  1 L24  days  in  the  fame  port 
from  whence  he  fct  out.  The  fame 
with  refpe6l  to  Great  Britain,  was 
done  by  our  own  countrymen  Sir 
Francis  Drake,  Lord  Anfon,  Cap- 
tain Cook,  and  many  others. 

Charles.  Is  then  the  common  ter- 

* 

reftrial  globe  a juft  reprefentation  of 
the  earth  ? 

G 3 
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Tutor.  It  is  with  this  final  1 dif- 
ference * that  the  artificial  globe  is 
a perfect  fphere,  whereas  the  earth  is 
a fpheroid,  that  is,  in  the  fhape  of  an 
orange,  the  diainetet  from  pole  to  pole, 
being  about  57  miles  fhorter  than 

% 

that  at  the  Equator.  - * 

James.  What  are  the  poles,  Sir? 

* What  the  earth  lofes  of  its  fphcricity,  by 
mountains  and  vallics,  is  very  incenfidcrable  : 
the  higheft  mountain  bearing  fo  little  propor- 
tion  to  its  bulk,  as  fcarcely  to  be  equivalent  to 
the  minutclt  protuberance  on  the  furfacc  of  an 
orange : - 

Thefe  inequalities  to  us  feem  great ; 

Rut  to  an  eye  that  comprehends  the  whole, 
Tire  tumour,  which  to  us  fo  moral rous  feems, 
Is  as  a grain  of  fparkling  fund  that  clings 
To  the  fmoctli  furface  of  a fphere  of  glafs ; 

Or  as  a fly  upon  the  convex  dome 
Of  a fublime,  ft upend  tms  edifice.. 
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Tutor.  Iii  the  artificial  globe 
~ (Plate  1.  Fig.  4.)  there  is  an  axis  ns 
about  which  it  turns  ; now  the  two 
extremities  or  fends  of  this  axis  n and 
s are  called  the  poles. 

The  globe  terreftrial,  with  its  flanting  poles, 
And  all  its  pond’roas  load,  unwearied  rolls. 

Blackmore, 

Charles.  Is  there  any  axis  be- 
longing to  the  earth  ? 

Tutor.  No;  but  as,  we  fhall 
to-morrow  fhew,  the  earth  turns 
round  once  in  every  24  hours,  fo 
aftronomers  imagine  an  axis  upon 
which  it  revolves  as  upon  a center, 
the  extremities  of  which  imaginary 
axis  are  the  poles  of  the  earth,  of 
tliefe  n the  north  pole  points  at  all 
times  exactly  to  p,  the  north  pole  of 
the  heavens  which  we  have  already 
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defcribed  (Plate  1,  Fig.  1.)  and  which 
is,  as  you  recollect,  within  two  de- 
grees of  the  polar  ftar. 

James.  And  how  do  you  define 
the  equator  ? 

Tutor.  The  equator  ab  (Plate  1. 
Fig.  4.)  is  the  circumference  of  an 
imaginary  circle  palling  through  the 
center  of  the  earth,  perpendicular  to 
the  axis  ns,  and  at  equal  diftances 
from  the  poles. 

Charles.  And  I think  you  told 
ns,  that  if  we  conceived  this  circle  ex- 
tended every  way  to  the  fixed  liars  it 
would  form  the  cclejtial  equator. 

Tutor;  I did;  it  is  alfo  called  the 
equinoctial , and  you  muft  not  forget, 
that  in  this  cafe  it  would  cut  the  cir- 
cle of  the  ecliptic  cd  in  two  points. 

James.  Why  is  the  ecliptic  marked, 
on  the  terredrial  globe,  lince  it  is  a 
circle  peculiar  to  the  heavens? 
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Tutor.  Though  the  ecliptic  be  pe- 
culiar to  tiie  heavens,  and  the  equator 
10  the  earth,  yet  they  are  both  drawn 
on  the  terreftrial  and  celeftial  globes, 
in  order,  among  other  things,  to  Ihew 
the  pofition  which  thde  imaginary 
circles  have  to  one  another. 

I fhall  now  conclude  our  prefent 
converfation,  with  obferving,  that  be- 
tides the  proofs  adduced  for  the  globu- 
lar form  of  the  earth,  there  are  others 
equally  conclufive,  which  wall  be  bet- 
ter underftood  a few  days  hence. 


70  OF  THE  DIUltNAL  MOTION 


CONVERSATION  VII. 


Of  the  diurnal  Motion  of  the  Earth. 

TUTOR.  Well,  gentlemen,  are 
you  fatisfied  that  the  earth  on  which 
you  tread  is  a globular  body  and  not 
a mere  extended  plane  ? 

Charles.  Admitting  the  facts 
which  you  mentioned  yefterday,  viz. 
that  the  top-mall  of  a fliip  at  lea  is 
always  vifible  before  the  body  of  the 
veffel  comes  into  fight ; — that  navi- 
gators have  repeatedly,  by  keeping 
the  fame  direction  failed  round  the 
world  ; — and  that  perfons  employed 
in  digging  canals,  can  only  execute 
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their  work  with  effed,  by  allowing 
for  the  fuppoied  globular  ihape  of  the 
earth,  it  is  evident  the  earth  cannot 

# , i 

be  a mere  extended  plane. 

James.  But  all  thefe  fads  can  be 
accounted  for,  upon  the  luppofition 
that  the  earth  is  a globe,  and  there- 
fore you  conclude  it  is  a globe  : this 
was,  I believe,  the  naturd’  of  the 
proof- 

Tutor.  It  was : let  us  now  ad- 
vance one  ftep  farther,  and  Ihew  you 
that  this  globe  turns  on  an  imagi- 
nary axis  every  twenty-four  hours  ; 
and  thereby  caufes  the  fucceffion  of 
day  and  n :ght: 

And  earth  felf-balanc’d  enher  center  hung-. 

Par,  Lost. 

James.  I diall  wonder  if  you  are 
aide  to  afford  fuch  fatisfadory  evi- 
4 
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dence  of  the  daily  motion  of  the 
earth,  as  of  its  globular  form. 

Tutor.  I tru ft,  neveilhelefs,  that 
the  arguments  on  this  fubject  will 
be  fufticiently  convincing,  and  that 
before  we  part  you  will  admit,  that 
the  apparent  motion  of  the  fun  and 
{tars  is  occafioued  by  the  diurnal  mo- 
tion of  the  earth. 

Charles.  I fhall  be  glad  to  hear 
how  this  can  be  proved  ; for  if,  in  the 
morning,  I look  at  the  fun  when 
rifing,  it  appears  in  the  eaft,  at  noon 
it  has  travelled  to  the  fouth,  and 
in  the  evening  I fee  it  let  in  the 
weftern  part  of  the  heavens. 

James.  Yes,  and  we  obferved  the 
fame  laft  night  (March  the  fiiit) 
with  refpect  to  A returns,  for  about 
eight  o’clock  it  had  juft  rifen  in  the 
Borth-weft  part  of  the  heavens,  and 
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when  we  went  to  bed  two  hours 
after,  it  had  afcendcd  a good  height 
in  the  heavens,  evidently  travelling 
towards  the  weft. 

Tutor.  It  cannot  be  denied  that 
the  heavenly  bodies  appear  to  rife 
in  the  ead  and  fet  in  the  weft;  but 
the  appearance  will  be  the  fame  to  us, 
whether  thole  bodies  revolve  about 
the  earth  while  that  stands  ftill,  or 
they  stand  ftill  while  the  earth  turns 
on  its  axis  the  contrary  wav. 

Charles.  Will  you  explain  this, 
Sir  ? 

Tutor.  Suppofe  grcb  (Plate  it.' 
Fig.  5.)  to  reprefen t the  earth,  t 
the  centre  on  which  it  turns  from 
welt  to  cad,  according  to  the  order 
of  the  letters  grcb.  If  a fpe&ator 
on  the  furface  of  the  earth  at  r,  fee 
a dar  at  h,  it  will  appear  to  him  to 

VOL.  II.  H 
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have  juft  rifen ; if  now  the  earth  be 
fuppofed  to  turn  on  its  axis  a fourth 
part  of  a revolution,  the  fpedtator 
will  be  carried  from  11  to  c,  and 
the  ftar  will  be  jull  over  his  head ; 
when  another  fourth  part  of  the  re- 
volution is  completed  the  fpectator 
will  be  at  b,  and  to  him  the  ftar  at 
h will  be  fetting,  and  will  not  be  vi- 
lible  again  till  he  arrive,  by  the  rota- 
tion of  the  earth,  at  the  ftation  r. 
Charles.  To  the  fpe&ator,  then, 
* at  r the  appearance  would  be  the 
fame  whether  he  turned  with  the  earth 
into  the  fituation  b,  or  the  ftar  at  n 

had  described,  in  a contrary  dire&ion, 

% 

the  (pace  hzo  in  the  fame  time. 
Tutor.  It  certainly  would. 

James.  But  if  the  earth  really 
turned  on  its  axis,  fhould  we  not 
perceive  the  motion  ? 
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Tutor.  The  earth  in  its  diurnal 
rotation  being  fubjecl  to  no  impedi- 
ments by  refitting  obftacles,  its  mo- 
tion cannot  affedt  the  fenfes.  In 
the  fame  way  ttiips  on  a finooth  fea 
are  frequently  turned  entirely  round 
by  the  tide,  without  the  knowledge 
of  thole  perfons  who  happen  to  be 
buly  in  the  cabin  or  between  the 
decks. 

Charles.  rlhat  is,  becaufe  they 
pay  no  attention  to  any  other  objedl 
but  the  velfel  in  which  they  are, 
every  part  of  which  moves  with 
themfelves. 

James.  But  if  while  the  Ihip  is 
turning,  without  their  knowlege, 
they  happen  to  be  looking  at  fixed 
dittant  objedls,  what  will  be  the  ap- 
pearance ? 
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Tutor.  To  them,  thofe  objects 
which  are  at  reft  will  appear  to  be 
turning  round  the  contrary  way.  In 
the  fame  manner  we  are  deceived  in 
the  motion  of  the  earth  round  its 
axis,  for  if  we  attend  to  nothing 
but  what  is  connected  with  the  earth, 
we  cannot  perceive  a motion  of 
which  we  partake  ourfelves,  and  if 
we  fix  our  eyes  on  the  heavenly  bo- 
dies, the  motion  of  the  earth  heins: 
l'o  eafy,  they  will  appear  to  be  turn- 
ing in  a direction  contrary  to  the 
real  motion  of  the  earth. 

Charles.  I have  fome  times  feen 
a Iky-lark  hovering  and  finging  over 
a particular  field  for  feveral  minutes 
together,  now  if  the  earth  is  conti- 
nually in  motion  while  the  bird  re- 
mains in  the  fame  part  of  the  air, 
why  do  we  not  fee  the  field,  over 
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which  lie  firit  afcended,  pafs  from 
under  him  ? 

Tutor.  Becaufc  the  atmofphere, 
in  which  the  lark  is  fufpended,  is 
connected  with  the  earth  ; partakes 
of  its  motion  ; and  carries  the  lark 
along  with  it,  and  therefore  inde- 
pendently of  the  motion  given  to 
the  bird  by  the  exertion  of  its  wings, 
it  has  another  in  common  with  the 
earth,  yourfelf,  and  all  things  on  it, 
and  being  common  to  us  all,  we 
have  no  methods  of  afeertaining  it 
by  means  of  the  fenfes.  The  rota- 
tion of  the  earth  on  its  axis,  the 
linoothnefs  of  its  motion,  and  its 
effect  on  the  atmofphere  are  de- 
feribed  by  Milton  in  three  lines: 

That  fpinning  deeps 

Oh  her  {oft  axle  as  flic  paces  even. 

And  bears  us  fwift  with  the  fmooth  air  along, 

it  -3 
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James.  Though  the  motion  of  a 
iliip  cannot  be  obferved  without  ob- 
jects at  reft  to  compare  with  it.  yet 
I cannot  help  thinking  that  if  the 
earth  moved  we  ftiould  be  able  to 
difeover  it  by  means  of  the  ftars  if 
they  are  fixed. 

Tutor.  Do  you  not  remember 
once  failing  very  fwiftly  on  the  river, 
when  you  told  me  that  you  thought 
all  the  trees,  lioufes,  See.  on  its 
banks  were  in  motion  ? 

' James.  I now  recollect  it  well, 
and  I had  fome  difficulty  in  per- 
fuading  myfclf  that  it  was  notfo. 

Charles.  This  brings  to  my  mind 
a ftill  ftronger  deception  of  this  sort : 
when  travelling  with  great  fpeed  in 
a poft-chaife,  I fudden  ly  waked  from 
a fleep  in  a fmooth  but  narrow  road, 
and  I could  icarccly  help  thinking, 
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for  fevcral  minutes,  but  that  the  trees 
and  hedges  were  running  away  from 
us,  and  not  we  from  them. 

Tutor.  I will  mention  another 
curious  inftance  of  this  kind;  if  you 
ever  happen  to  travel  pretty  fwiftly 
in  a carriage  by  the  fide  of  a field 
ploughed  into  long  narrow  ridges, 
and  perpendicular  to  the  road,  you 
will  think  that  all  the  ridges  are  turn- 
ing round  in  a direction  contrary  to 
that  of  the  carriage.  Thefe  .fadts 
may  fatisfy  you  that  the  appearances 
will  be  precifely  the  fame  to  us, 
whether  the  earth  turn  on  its  axis 
from  weft  to  eaft,  or  the  fun  and 
liars  move  from  eaft  to  weft. 

James.  They  will : but  which  is 
the  more  natural  conclufion  ? 

Tutor.  This  you  lhall  determine 
for  yourfelf.  If  the  earth  (Plate  i. 
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Fig.  4.)  turns  on  its  axis  in  24 
hours,  at  what  rate  witl  any  part  of 
the  equator  ab  move? 

Charles.  To  determine  this  we 
mult  find  the  meafure  of  its  circum- 
ference, and  then  dividing  this  by 
24,  we  lhall  get  the  number  of  miles 
paffed  through  in  an  hour. 

Tutor.  Juftfo:  now  call  the  fe- 

mi-diameter  of  the  earth  4000  miles, 

» 

which  is  rather  more  than  the  true 
meafure. 

James.  Multiplying  this  by  fix  * 
will  give  24,000  miles  for  the  cir- 

* If  the  reader  would  be  accurate  in  his  cal- 
culations, he  mirft  take  the  mean  radius  of  the 
earth  at  3965  miles,  and  this  multiplied  by 
6,28318  will  give  24,912  miles  for  the  circum, 
icrence.  Through  the  remainder  of  this  work, 
the  decimals  in  multiplication  are  omitted,  in 
order  that  the  mind  may  not  be  burdened  with 
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cuniference  of  the  earth  at  the  equa- 
tor, and  this  divided  by  24,  gives 
1000  miles  for  the  fpace  pafied 
through  in  an  hour. 

Tutor.  You  are  right.  The  fun, 
I have  already  told  you,  is  95  mil- 
lions of  miles  distant  from  the  earth, 
tell  me  therefore,  Charles,  at  what 
rate  that  body  muft  travel  to  go 
round  the  earth  in  24  hours? 

Charles.  I will ; 9-5  millions 

multiplied  by  fix  will  give  750  mil- 
lions of  miles  for  the  length  of  his 
circuit,  this  divided  by  24  gives 
nearly  24  millions  of  miles  for  the 

odd  numbers.  It  feemed  neceflary,  however, 
in  this  place  to  give  the  true  femi-diameter  of 
the  earth,  and  the  number  (accurate  to  five 
places  of  decimals)  by  which  if  the  radius  of  any 
circle  be  multiplied,  the  circumference  is  ob- 
tained. 
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fpace  he  mult  travel  in  an  hour,  to 
go  round  the  earth  in  a day. 

Tutor.  Which  now  is  the  more 
probable  conclusion,  either  that  the 
earth  fhoukl  have  a diurnal  motion 
on  its  axis  of  1000  miles  in  an  hour, 
or  that  the  fun,  which  is  a million  of 
times  larger  than  the  earth,  fhould 
travel  24  millions  of  miles  in  the 
fame  time? 

James.  It  is  certainly  more  ra- 
tional to  conclude  that  the  earth 
turns  on  its  axis,  the  effect  of  which 
you  told  us  was  the  alternate  fuccef- 
Son  of  day  and  night. 

Tutor.  I did,  and  on  this  and 
fome  other  topics  we  will  enlarge  to- 
morrow. 
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CONVERSATION  VIII. 


Of  Day  and  Night. 

JAMES.  You  are  now,  Sir,  to 
apply  the  rotation  of  the  earth  about 
its  axis  to  the  fucceflion  of  day  and 
night. 

Tutor.  I will,  and  for  this  pur- 
pofc,  fuppofe  GitcB  (Plate  II. 
1 ig.  5.)  to  he  the  earth,  revolving 
on  its  axis,  according  to  the  order 
of  the  letters  that  is  from  g to  r ; 
R to  c,  See.  If  the  fun  be  fixed  in 
the  heavens  at  z,  and  a line  h o be 
drawn  through  the  center  of  the 
earth  t,  it  vail  reprefent  tiiat  cir- 
cle, which  when  extended  to  the 
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heavens  is  called  the  rational  ho 


rizon. 

Charles.  In  what  does  this  dif- 
fer from  th t fenfible  horizon  ? 

Tutor.  The  fenfible  horizon  is 
that  circle  in  the  heavens  which 
bounds  the  fpeclator’s  view,  and 
which  is  greater  or  lels,  according 
as  he  hands  higher  or  lower.  Tor 
example ; an  eye  placed  at  free  feet 
above  the  furface  of  the  earth  or  lea, 
fees  2 I miles  every  way  : but  if  it 
be  at  20  feet  high,  that  is  4 times 
the  height,  it  will  fee  miles,  or 
twice  the  diftance.* 

Charles.  Then  the  fenfible  differs 
from  the  rational  horizon  in  this, 
that  the  former  is  feen  from  the  fur- 
face  of  the  earth,  and  the  latter  is 

* See  Dr.  Alhworth’s  Trigonometry,  Prop. 
3 1.-  2d  Edition,  1803. 
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fuppofecl  to  be  viewed  from  its 
center. 

Tutor . You  are  right ; and  the 
riling  and  fetting  of  the  fun  and  liars 
arc  always  referred  to  the  rational 
horizon. 

James.  Why  fo  ? they  appear  to 
rife  and  fet  as  foon  as  they  get 
above,  or  fink  below  that  boundary 
which  feparates  the  vifible  from  the 
invifible  part  of  the  heavens. 

Tutor.  They  do  not,  however : 
and  the  reafon  is  this,  that  the  dis- 
tance of  the  fun  and  fixed  liars  is 
fo  great  in  companion  of  4000 
miles,  (the  difference  between  the 
furface  and  center  of  the  earth) 
that  it  can  fearcely  be  taken  into 
account. 

Charles.  But  4000  miles  feem  to 
me  an  immenfe  fpace. 

VOL.  II. 
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Tutor.  Confidered  feparately,  they 
are  fo,  but  when  compared  with  9S 
millions  of  miles,  the  diftance  of  the 
fun  from  the  earth,  they  almoft 
vanifh  as  nothin?. 

O 

James.  But  do  the  rifin?  and 
fetting  of  the  moon,  which  is  at  the 
diftance  of  240  thoufand  miles  only, 
refpeft  alfothe  rational  horizon? 

Tutor.  Certainly;  for  4000  com- 
pared, with  240  thoufand,  bear  only 
the  proportion  of  1 to  6 0.  Now  if 
two  fpaces  were  marked  out  on  the 
earth  in  different  directions,  the  one 
60  and  the  other  6' I yards,  thould 
you  at  once  be  able  to  drftinguHh 
the  greater  from  the  lefs  ? 

Charles.  I think  not. 

Tutor.  Juft  in  the  fame  manner 
does  the  diftance  of  the  center  from 
the  furface  of  the  earth  vanifli  in 
4 
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comparifon  of  its  diftance  from  the 
moon. 

James.  We  mu  ft  not,  however, 
forget  the  fucceffion  of  day  and 
night. 

Tutor.  Well  then ; if  the  fun  be 
fuppofed  at  z,  it  will  illuminate  by  its 
rays,  all  that  part  of  the  earth  that  is 
above  the  horizon  h o : to  the  inha- 
bitants at  g,  its  weftern  boundary, 
it  will  appear  juft  rifmg ; to  thofe 
fituated  at  n,  it  will  be  noon ; and 
to  thole  in  the  eaftern  part  of  the  ho- 
rizon c,  it  will  be  fetting. 

Charles.  I fee  clearly  why  it 
flioukl  be  noon  to  thofe  wdio  live  at 
E,  becaufe  the  fun  is  juft  over  their 
heads,  but  it  is  not  fo  evident, 
why  the  fun  muft  appear  rifmg 
and  fetting*  to  thofe  who  are  at  o 
and  c. 

■r  o 
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Tutor.  You  are  fatisfied  that  a 
fpe<5tator  cannot,  from  any  place, 
obferve  more  than  a fern i- circle  of 
the  heavens  at  any  one  time ; now 
what  part  of  the  heavens  will  the 
fpe&ator  at  g oblerve  ? 

James.  He  will  fee  the  concave 
hemifphere  z o n. 

Tutor.  The  boundary  to  his  view 
will  be  n and  z,  will  it  not? 

Charles.  Yes ; and  confequently 
the  fun  at  z,  will  to  him  be  juft  com- 
ing into  fight. 

Tutor.  Then  by  the  rotation  of 
the  earth,  the  fpe&ator  at  g will  in 
a few  hours  come  to  u,  when,  to 
him,  it  will  be  noon ; and  thole 
who  live  at  r,  will  have  dcfcended 
to  c ; now  what  part  of  the  heavens 
will  they  fee  in  this  fituation? 
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James.  The  concave  hemifphere 

h r,  and  z being  the  boundary  of 
their  view  one  way,  the  fun  will  to 
tliern  be  letting. 

Tutor.  J uit  lb.  After  which 
they  will  be  turned  away  from  the 
fun,  and  confequently  it  will  be 
night  to  them  till  they  come  again 
to  g.  Thus,  by  this  limple  motion 
of  the  earth  on  its  axis,  every  part 
of  it  is,  by  turns,  enlightened  and 
warmed  by  the  c hearing  beams  of 
the  fun. 

Charles.  Docs  this,  motion  of 
the  earth  account  alfo  for  the  appa- 
rent motion  of  the  fixed  bars? 

Tutor.  It  is  owing  to  the  revolu- 
tion of  the  earth  round  its  axis,'  that 
we  imagine  the  whole  Harry  firma- 
ment revolves  about  the  earth  in  24 
hours, 

i 3 
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James.  If  the  heavens  appear  to 
turn  on  an  axis,  muft  there  not  be 
two  points,  namely,  the  extremities 
of  that  imaginary  axis,  which  al- 
ways keep  their  pofition  ? 

Tutor.  Yes,  we  muft  be  under- 
ftood  to  except  the  two  celeftial 
poles  which  are  oppofite  to  the  poles 
of  the  earth,  confequently  each 
fixed  ftar  appears  to  deferibe  a 
greater  or  a lefs  circle  round 
thefe,  according  as  it  is  more  or 
lefs  remote  from  thofc  celeftial 
poles. 

Charles.  When  we  turn  from 
that  hemifphere  in  which  the  fun 
is  placed,  we  immediately  gain  fight 
of  the  other  in  which  the  fiars  are 
fituated. 

Tutor.  Every  part  of  the  liea- 
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ven  is  decorated  with  theie  glorious 
bodies : and, 

Night  opes  the  noblest  fcenes,  and  Iheds  an 
awe. 

Which  gives  thofe  venerable  fcenes  full  weight. 
And  deep  reception  in  th*  intender’d  heart. 
This  gorgeous  apparatus ! This  difplay  ! 

This  oftentation  of  creative  power  ! 

This  theatre  ! what  eye  can  take  it  in  ? 

By  what  divine  enchantment  was  it  rais’d 
For  minds  of  the  firil  magnitude  to  launch 
In  endlefs  {peculation,  and  adore  ? 

One  fun  by  day,  by  night  ten  thoufand  Ihine  ; 
And  light  us  deep  into  the  Deity  ; 

And  boundlcfs  in  magnificence  and  in  might ! 

Young. 

James.  If  every  part  of  the 
heavens  be  thus  adorned,  why  do 
we  not  fee  the  stars  in  the  day  as 
well  as  the  night  ? 
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Tutor.  Becaufe  in  the  day  time, 
the  fun’s  rays  are  fo  powerful,  as  to 
render  thofc  coming  from  the  fixed 
fiars  invifible.  But  if  you  ever 
happen  to  go  down  into  any  very 
deep  mine,  or  coal-pit,  where  the 
rays  of  the  fun  cannot  reach  the 
eye,  and  it  be  a clear  day,  you 
may  by  looking  up  to  the  hea- 
vens, fee  the  liars  at  noon  as  well 
as  in  the  night. 

Charles.  If  the  earth  always 
revolve  on  its  axis  in  24  hours, 
why  does  the  length  of  the  days 
and  nights  differ  in  different  fea- 
fons  of  the  year  ? 

J 

Tutor.  This  depends  on  other 
caufes  conne&ed  with  the  earth's 
annual  journey  round  the  fun,  upon 
which  we  will  converfe  the  next 
time  we  meet. 
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Of  the  Annual  Motion  of  the  Earth. 

4 

TUTOR.  Betides  the  diurnal  mo- 
tion of  the  earth,  by  which  the  fuc- 
Ceffion  of  day  and  night  is  pro- 
duced ; it  has  another,  called  its 
annual  motion,  which  is  the  journey 
it  performs  round  the  fun  in  36j 
days,  5 hours,  48  minutes,  and  49 
feconds. 

Charles.  Are  the  different  fca- 
fons  to  be  accounted  for  by  this  mo- 
tion of  the  earth  ? 

Tutor.  Yes,  it  is  the  caufeofthe 
different  lengths  of  the  days  and 
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nights,  and  confequently  of  the  dif- 
ferent feafons,  viz.  Spring , Summer 9 
Autumn , and  Winter: 

It  flilfts  the  feafons,  months,  and  days. 

The  fhort-lived  offspring  of  revolving  time; 

By  turns  they  die,  by  turns  are  born. 

Now  cheerful  Spring  the  circle  leads 
And  ftrevvs  with  flowers  the  finiling  meads; 

Gay  Summer  next,  whom  ruflfet  robes  adorn. 

And  waving  fields  of  yellow  corn  • 

Then  Autumn,  who  with  lavifh  ilores  the  lap  of 
Nature  fpreads ; 

Decrepit  Winter,  laggard  in  the  dance, 

(LiUe  feeble  age  oppreft  with  pain) 

A heavy  feafbn  does  maintain. 

With  driving  fnows  and  winds  and  rain  ; 

Till  Spring,  recruited  to  advance. 

The  various  year  rolls  round  a sain. 

Huches. 

.Tames.  Iiow  is  it  known  that 
the  earth  makes  this  annual  journey 
round  the  fun  ? 
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Tutor.  I told  you  ycfterday, 
that  through  the  fhaft  of  a very 
deep  mine,  the  ftars  are  vifible  in  the 
day  as  well  as  in  the  night ; they 
are  alfo  vifible  in  the  day  time,  by 
means  of  a telefeope  properly  fitted  up 
for  the  purpofe;  by  this  method,  the 
fun  and  ftars  are  vifible  at  the  fame 
time.  Now  if  the  fun  be  feen  in  a 
line  with  a fixed  ftar,  to-day  at  any 
particular  hour,  it  will,  in  a few 
weeks,  by  the  motion  of  the  earth, 
be  found  considerably  to  the  eaft  of 
him : and  if  the  obfervations  be 
continued  through  the  year,  we  ihall 
be  able  to  trace  him  round  the 
heavens  to  the  fame  fixed  ftar  from 
which  we  fet  out;  confequently, 
the  fun  mult  have  made  a journey 
round  the  earth  in  that  time,  or  the 
earth  round  him. 

Charles . And  the  fun  being  a 
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million  of  times  larger  than  the 
earth,  you  will  fay  that  it  is  more 
natural,  that  the  smaller  body  Ihould 
go  round  the  larger,  than  the  re- 
verfe. 

Tutor . That  is  a proper  argu- 
ment; but  it  may  be  ftated  in  a 
much  ftronger  manner.  The  fun 
and  earth  mutually  attract  one  ano- 
ther, and  fince  they  are  in  equi- 
librio  by  this  attraction,  you  know, 
their  momenta  muft  be  equal  *, 
therefore  the  earth  being  the  fmaller 
body,  muft  make  out  by  its  motion 
what  is  wants  in  the  quantity  of  its 
matter,  and  of  courfe,  it  muft  be 
that  which  performs  the  journey. 

James.  Hut  if  you  refer  to  the 
principle  of  the  lever,  to  explain  the 
mutual  attraction  of  the  fun  and 
earth,  it  is  evident,  that  both  bo- 

* See  Vol,  I.  Converfauon  xiv.  p.  n i. 
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dies  inuft  turn  round  fume  point  as 
a common  center. 

Tutor.  They  do ; and  that  is  the 
common  center  of  gravity  of  the  two 
bodies.  Now  this  point  between  the 
earth  and  fun  is  within  the  furface 
ot  the  latter  body. 

Charles.  I underhand  how  this 
is;  becaufe  the  center  of  gravity 
between  any  two  bodies,  mu  ft  be  as 
much  nearer  to  the  center  of  the 
larger  body  than  the  fmaller,  as  the 
former  contains  a greater  quantity 
of  matter  than  the  latter. 

Tutor.  You  are  right : but  you 
will  not  conclude  that,  becaufe  the 

[un  is  a million  of  times  larger 
ban  the  earth,  therefore,  it  contains 
a quantity  of  matter,  a million  of 
rimes  greater  than  that  contained  in 
the  earth. 


VOL.  Ifc 
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James.  Is  it  then  known,  that 
the  earth  is  compofed  of  matter 
more  denfe  than  that  which  com- 
pofes  the  body  of  the  fun  ? 

Tutor.  The  earth  is  compofed 
of  matter  four  times  denfer  than 
that  of  the  fun ; and  hence  the 
quantity  of  matter  in  the  fun,  is 
between  two  and  three  hundred 
thoufand  times  greater  than  that 
which  is  contained  in  the  earth. 

Charles.  Then  for  the  momenta 
of  thefe  two  bodies  to  be  equal, 
the  velocity  of  the  earth  mu  ft  be 
between  two  and  three  hundred 
thoufand  times  greater  than  that 
of  the  fun. 

Tutor.  It  mu  ft : and  to  effect 
this,  the  center  of  eravitv  between. 

O %/ 

the  fun  and  earth,  muft  be  as  much 
nearer  to  the  center  of  the  fun, 
than  it  is  to  the  center  of  the  earth,' 
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as  the  former  body  contains  a greater 
quantity  of  matter  than  the  latter : 
and  hence  it  is  found  to  be  feveral 
thoufand  miles  within  the  furface  of 
the  fun. 

James,  I now  clearly  perceive, 
that  fince  one  of  thefe  bodies  re- 
volves about  the  other  in  the  fpace 
of  a year,  and  that  they  both  move 
round  their  common  center  of  ara- 
vity,  that  it  mult,  of  necellity,  be 
the  earth  which  revolves  about  the 
fun,  and  not  the  fun  round  the 
?arth. 

Tutor.  Your  inference  is  juft, 
fo  fuppofe  that  the  fun  moves 
ound  the  earth,  is  as  abfurd  as  to 
naintain,  that  a mill-ftone  could  be 
hade  to  move  round  a pebble,' 

k 2 
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CONVERSATION  X. 


Of  the  Scafons. 

TUTOR.  I will  now  fhew  yovi 
how  the  different  feafons  are  pro- 
duced by  the  annual  motion  of  the 
earth. 

James . Upon  what  do  they  de- 
pend, Sir? 

Tutor.  The  variety  of  the  feafons 
depends  (1)  upon  the  length  of  the 
days  and  nights ; and,  (2)  upon  the 
pofition  of  the  earth  with  refpedt  to. 
the  fun.. 

- 

Charles,  But  if  the  earth  turn 
round  its  imaginary  axis  every  24 
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hours,  ought  it  not  to  enjoy  equal 
days  and  nights  all  the  year  ? 

Tutor.  This  would  be  the  cafe  if 
the  axis.. of:  the  earth  ns  (Plate  u 
Fig.  6 ) were  perpendicular  to  a line 
ce  drawn  through  the  centers  of  the 
fun  and  earth  ; for  then  as  the  fun 
always  enlightens  one  half  of  the 
earth  by  its  rays,  and  as  it  is  day  at 


any  given  place  on  the  globe,  fo 


long  as  that  place  continues  in  the 
enlightened  hemifphere,  every  part, 
except  the  two  poles,  muft  during 
its  rotation  on  its  axis,  be  one  half 
of  its  time  in  the  light  and  the  other 
half  in  darknefs : or,  in  other  words, 
the  days  and  nights  would  be  equal 
to  all  the  inhabitants  of  the  earth, 
excepting  to  thofe,  if  any,  who  live 
at  the  poles. 

k 3 
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James . Why  do  you  except  the 
people  at  the  poles  ? 

Tutor.  Becaufe  the  view  of  the 
fpcclator  fituated  at  the  poles  n and 
s,  muft  be  bounded  by  the  line  c e, 
confequently  to  him  the  fun  would 
never  appear  to  rife,  or  fet,  but  would 
always  be  in  the  horizon. 

Charles.  If  the  earth  were  thus 
fituated,  would  the  rays  of  the  fun 
always  fall  vertically  to  the  fame 
part  of  it  ? 

Tutor.  They  would : and  that 
part  would  be  e q the  equator,  and, 
as  we  fhall  prefently  fhew,  the  heat 
excited  by  the  fun  being  greater  or 
Ids  in  proportion  as  its  rays  come 
more  or  lefs  perpendicularly  upon 
any  body,  the  parts  of  the  earth 
about  the  equator  would  be  fcorched 
up,  while  tliofc  between  40  and  50 
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degrees  on  each  fide  of  that  line  and 
the  poles,  would  be  defolated  by  an 
unceafing  winter  : 

■ fome  fay  the  fun 

Was  bid  turn  reins  from  th’  equinofiial  road 
I Up  to  the  Tropic  Crab  ; thence  down  amain 
By  Leo , and  the  Virgin , and  the  Scales 
As  deep  as  Capricorn , to  bring  in  change 
I Of  feafons  to  each  clime  : clfe  had  the  fpring 

I Perpetual  fmil’d  on  earth  with  vernant  flowers, 
Equal  in  days  and  nights,  except  to  thofe 
Beyond  the  polar  circles  : to  them  day 
I Had  unbenighted  (hone,  while  the  low  fun 
I To  recompence  his  diftance,  in  their  fight 
I Had  rounded  {till  th’  horizon. 

Par.  Lost,  Bookx.l,  672-, 

James.  In  what  manner  is  this 
I prevented?  1 

Tutor.  By  the  axis  of  the  earth 
ns  (Plate  n.  Fig.  .7.)  being  inclined 
or  bent  about  23  degrees  and  a- half 
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out  of  the  perpendicular  as  it  is  de* 
(bribed  by  Milton  : 

. He  bid  his  angels  turn  alkance 

The  poles  of  earth  twice  ten  degrees  and  more 
From  the  fun’s  axle. 

In  this  cafe  you  obferve,  that  all  the 
parallel  circles,  except  the  equator, 
are  divided  into  two  unequal  parts, 
having  a greater  or  lefs  portion  of  • 
their  circumferences  in  the  enlight- 
ened, than  in  the  dark  hemifphere, 
according  to  their  fituation  with 
refpebt  to  n the  north,  or  s the  fouth 

p°|c-  , - I 

Charles.  At  what  feafon  of  the 
year  is  the  earth  represented  in  this 
figure? 

Tutor.  At  our  fummer  feafon  : *. 
for  you  obferve  that  the  parallel  cir- 
cles in  the  northern  hemifphere  have 
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their  greater  parts  enlightened  and 
their  fmaller  parts  in  the  dark.  If 
dl  represent  tliat  circle  of  latitude 
on  the  globe  in  which  Great  Britain 
is  fttuated,  it  is  evident  that  about 
two  thirds  of  it  is  in  the  light  and 
only  one  third  in  darknefs. 

You  will  remember  that  parallels 
of  latitude  are  circles  on  the  furface 
of  the  earth,  or  its  reprefeutative  the 
terreftrial  globe,  drawn  parallel  to 
the  equator. 

James.  Is  that  the  reafon  why 
our  davs  towards  the  middle  of  June 
are  lb  hours  long,  and  the  nights 
but  eight  hours  ? 

Tutor.  It  is  : and  if  you  look  to 
the  parallel  next  beyond  that  marked 
dl,  you  will  fee  a (till  greater  difpro- 
portion  between  the  day  and  night, 
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and  the  parallel  more  north  than 
this  is  entirely  in  the  light. 

Charles . Is  it  then  all  day  there  ? 

Tutor:  To  the  whole  fpace  be- 

tween that  and  the  pole  it  is  conti- 
nual day  for  fome  time,  the  dura- 
tion of  which  is  in  proportion  to  its 
vicinity  to  the  pole ; and  at  the 
pole  there  is  a permanent  day-light 
for  fix  months  together. 

James.  And  during  that  time  it 
muft  I fuppofe  be  night  to  the 
people  who  live  at  the  fouth-pole  ? 

Tuto)\  Yes,  the  figure  thews  that 
the  fouth-pole  is  in  darknefs ; and 
you  may  oblerve,  that  to  the  in  ha- 
bifan ts  living  in  equal  parallels  of 
latitude,  the  one  north,  and  the  other 
fouth,  the  length  of  the  days  to  the 
one  will  be  always  equal  to  the 
length  of  the  nights  to  the  other. 
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Charles.  What  then  ihall  we  fay 

to  thole  who  live  at  the  equator,  and 

confequently  have  no  latitude  ? 

1 ictor.  io  them  the  days  and 

%/ 

nights  are  akcays  equal,  and  of 
coude  twelve  hours  each  in  length 
and  this  is  alfo  evident  from  the 
figure,  for  in  every  petition  of  the 
globe  one  half  of  the  equator  is  in. 
the  light  and  the  other  half  in  dark- 
nets'. 

James.  If,  then,  the  length  of 
the  uays  :s  the  cauie  of  the  different 
feafons,  there  can  he  no  variety  in. 

• SJ 

this  reijxvr,  to  thole  who  live  at  the 
equator. 

Tutor.  \ ou  feem  to  forget  that 
the  change  in  the  feafons  depends 
upon  the  pofition  of  the  earth  with 
refpedt  to  the  fun,  that  is  upon  the 
perpendicularity  with  which  the  rays 
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of  light  fall  upon  any  particular  part 
of  the  earth ; as  well  as  upon  the 
length  of  the  days. 

Charles.  Docs  this  make  any 
material  difference  with  regard,  to 
the  heat  of  the  fun  ? 

Tutor.  It  does  : let  ab  (Plate  ir. 
Fig.  8.)  reprefent  a portion  of  the 
earth’s  furfacc,  on  which  the  fun’s 
rays  fall  perpendicularly  ; let  bc  re- 
prefent an  equal  portion  on  which 
they  fall  obliquely  or  aflant.  It  is 
manifeft  that  bc,  though  it  bc  equal 
to  ab,  receives  but  half  the  light  and 
heat,  that  ab  does.  Moreover  by 
the  fun’s  rays  coining  more  perpen- 
dicularly, they  come  with  greater 
force,  as  well  as  in  greater  numbers, 
on  the  fame  place. 
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CONVERSATION  Xt. 

* ) u oi - * j r i ■ « 


— , — - 

i<  i i ... 

Of  the  Secifons. 


TUTOR.  Let  us  now  take  a 
view  of  the  earth  in  its  annual 
courfc  round  the  fun,  confidering 
its  axis  as  inclined  <23£  degrees 
to  a line  perpendicular  to  its  or- 
bit, and  keeping,  through  its  whole 
journey,  a direction  parallel  to  itfirlf; 
and  you  will  find,  that  according 
as  the  earth  is  in  different  parts  of 
its  orbit,  the  rays  of  the  fun  are 
prefented  perpendicularly  to  the 
equator,  and  to  every  point  of  the 
VC£.  II.  E 
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globe,  within  23  £ degrees  of  it  both 
north  and  fouth. 

This  figure  (Plate  n.  Fig  9 ) re- 
prefents  the  earth  in  four  different 
parts  of  its  orbit,  or  as  it  is  frtuatcd 
V'ith  refpedt  to  the  fun  in  the  months 
of  March,  June,  September,  and 
December. 

Charles.  The  earth’s  orbit  is  not 
made  circular  in  the  figure. 

7utor.  It  is  nearly  circular,  but 

you  are  fuppofed  to  view  it  from  the 

fide  bd,  and  therefore,  though  al- 

moft  a circle,  it  appears  to  be  a long 

tllipfe.  All  circles  appear  elliptical 

in  an  oblique  view,  as  is  evident,  by 

looking  obliquely  at  the  rim  of.  a 

bafon,  at  fome  difiance  from  vou. 

* 

For  the  true  figure  of  a circle  can 
-only  be  feen  when  the  eye  is  directly 
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ov’er  its  center.  You  oblerve  that 
the  fun  is  not  in  the  center. 

James.  I do ; and  it  appears 
nearer  to  the  earth  in  the  winter 
than  in  the  lumrner. 

Tutor.  We  are  indeed  more  than 
three  millions  of  miles  nearer  to  the 
-fun  in  December  than  we  are  in 
June. 

Charles.  Is  this  pofhble,  and  yet 
our  winter  is  fo  much  colder  than 
the  fummer  ? 

Tutor.  . Notwithftanding'  this,  it 
• is  a well  known  fa£t.  For  it  is  af- 
ccrtained,  that  our  fummer,  that  is, 
the  time  that  palfes  between  the 
vernal  and  autumnal  equinoxes,  is 
nearly  eight  days  longer  than  our 
winter,  or  the  time  between  the  au- 
tumnal and  vernal  equinoxes.  Con- 
fequently  the  motion  of  the  earth  is 

l 2 


ASTB0N0MY. 


112 

flower  in  the  former  cafe  than1  in  the 
latter,  and  therefore,  as  we  fliall  fee, 
it  muft  be  at  a greater  diftance  from 
the  fun.  Again,  the  fun’s  apparent 
diameter  is  greater  in  our  winter  than 
in  fummer,  but  the  apparent  diame- 
ter of  any  objeft  increafes  in  pro- 
portion as  our  diftance  from  the  ob* 
je<5l  is  diminifhed,  and  therefore  we 
conclude,  that  we  are  nearer  the 
fun  in  winter  than  in  fummer.  The 
fun's  apparent  diameter  in  winter  is 
32'.. 47";  in  fummer  31'.. 40". 

James.  But  if  the  earth  is  farther 
from  the  fun  in  fummer  than  in  win- 
ter, why  are  our  winters  fo  much 
colder  than  our  fummers  ? 

Tutor.  Becaufe  fir  ft,  in  the  fum- 
mer, the  fun  rifes  to  a much  greater 
height  above  our  horizon,  and  there- 
fore its  rays  coming  more  perpen- 
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dicularly,  more  of  them,  as  we  /hewed 
you  yefterday,  mu  ft  fall  upon  the  fur- 
face  of  the  earth,  and  come  alfo  with 
greater  force,  which  is  the  principal 
.caufeof  our  greater  fummer’s  heat. 
Secondly,  In  the  fummer,  the  days 
are  very  long,  and  the  nights  lhort  j 
therefore. the  earth  and  air  are  heated 
by  the  fun  in  the  day,  more  than 
they  are  cooled  in  the  night. 

James.  Why  have  we  not,  then, 
the  greateft  heat  at  the  time  when 
the  days  are  longeft  ? 

Tutor . The  hotted  feafon  of  the 
year  is  certainly  a month  or  two  af- 
ter this,  which  may  be  thus  ac- 
counted-  for.  A bodv  once  heated 
does  not  grow  cold  again  intlan- 
tancouflv,  but  gradually : now,  as 
long  as  more  heat  comes  from  the 
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fan  in  the  day,  than  is  loft  in  the 
night,  the  heat  of  the  earth  and  air 
will  be  daily  increafing,  and  this 
mud  evidently  be  the  cafe  for  forae 
weeks  after  the  longeft  day,  both 
on  account  of  the  number  of  rays 
which  fall  on  a given  fpace,  and  alfo 
from  the  perpendicular  direction  of 
thofe  ravs. 

James . Will  you  now  explain  to 
us  in  what  manner  the  feafons  are 
produced  ? 

Tutor.  By  referring  to  the  figure 
(Plate  ir.  Fig.  9.)  you  will  obfcrve, 
that  in  the  month  of  June,  the  north- 
pole  of  the  earth  inclines  towards  the 
fun,  and  confequently  brings  all  the 
northern  parts  of  the  globe  more 
into  light,  than  at  any  other  time  in 
the  year. 
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Charles.  Then  to  the  people, in 
thole  parts  it  is  fummer. 

Tutor.  It  is : but  in  December, 
when  the  earth  is  in  the  oppobte  part 
of  its  orbit,  the  north-pole  declines 
from  the  fun,  which  occasions  the 
northern  places  to  be  more  in  the 
dark  than  in  the  light : and  the  re^- 
verfe  at  the  fouthern  places. 

James.  Is  it  then  fummer  to 
the  inhabitants  of  the  fouthern  lip- 
mifphere  ? • ' 

Tutor.  Yes,  it  is;  and  winter  to 
us.  In  the  months  of  March  and 
September,  the  axis  of  the  earth, 
does  not  incline  to,  nor  decline  from, 
the  fun,  but  is  perpendicular  to  a 
line  drawn  from  its  center.  And 
then  the  poles  are  in  the  boundary 
of  light  and  darknefs,  and  the  fun 
being  dire&ly  vertical  to,  or  over 
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the  equator,  makes  equal  day  and 
night  at  all  places.  Now  trace  the 
annual  motion  of  the  earth  in  its 
orbit  for  yourfelf,  as  it  is  reprefented 
in  the  figure.  > 

Charles,  I will,  Sir  f About  the 
20th  of  March  the  earth  is  in  Libra, 
and  confequently  to  its  inhabitants 
the  fun  will  appear  in  Aries,  and  lie 
vertical  to  the  equator. 

Tutor.  And  then  the  equator,  and 
all  its  parallels,  are  equally  divided 
between  the  light  and  dark. 

Charles.  Confequently  the  days 
and  nights  are  equal  all  over  the 
world.  As  the  earth  purfues  its 
journey  from  March  to  June  its 
northern  hemifphere  comes  more 
into  light,  and  on  the  2 lit  of  that 
month,  the  fun  is  vertical  to  the 

tropic  of  Cancer. 

■»  « 
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Tutor.  And  you  then  obferve, 
that  all  the  circles  parallel  to  the 
equator  are  unequally  divided ; thofe 
in  the  northern  half  have  their 
greater  parts  in  the  light,  and  thofe 
in  the  fouthern  half  have  their  larger 
parts  in  darknefs. 

Charles.  Yes ; and  of  courfe  it 
is  fu miner  to  the  inhabitants  of  the 
northern  hemifphere,  and  winter  to 
the  fouthern, 

I now  trace  it  to  September,  when 
I find  the  fun  vertical  again  to  the 
equator,  and  of  courfe,  the  days 
and  nights  are  again  equal.  And 
following  the  earth  in  its  journey  to 
December,  or  when  it  has  arrived  at 
Cancer,  the  fun  appears  in  Capri- 
corn ; and  is  vertical  to  that  part 
of  the  earth  called  the  tropic  of  Ca- 
pricorn, ^nd  now  the  fouthern  pole 
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is  enlightened,  and  all  the  circles  on 
that  hemifphere  have  their  larger 
parts  in  light,  and,  of  courfe,  it 
is  fummer  to  thofe  parts,  and  win- 
ter to  us  in  the  northern  hemif- 
fpherc. 

Tutor.  Can  you,  James,  now 
tell  me,  why  the  days  lengthen  ami 
ihorten  from  the  equator  to  the  polar 
circles  every  year  ? 

James.  I will  try  to  explain  my- 
felf  on  the  fubjeft.*  Becaufe  the  fun 
in  March  is  vertical  to  the  equator, 
and  from  that  time  to  t lie  21ft  of 
June  it  becomes  vertical  fucceffively 
to  all  other  parts  of  the  earth  be- 
tween the  equator  and  the  tropic  of 
Cancer,  and  in  proportion  as  it  be- 
comes vertical  to  the  more  northern 
parts  of  the  earth,  it  declines  from 
the  fouthern,  and  consequently,  to 
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the  former  the  days  lengthen,  and 
to  the  latter  they  fiiorten.  From 
J une  to  September  the  fun  is  again 
vertical  fucceffivcly  to  all  the  fame 
parts  of  the  earth,  but  in  a reverfe 
Order. 

Charles.  Since  it  is  fummer  to  all 
thofe  parts  of  the  earth,  where  the 
fun  is  vertical,  and  we  find  that  the 
fun  is  vertical  twice  in  the  year  to  the 
equator,  and  every  part  of  the  globe 
between  the  equator  and  tropics, 
there  mull  be  alfe  two  fummers  in  a 
year  to  all  thofe  places. 

Tutor.  There  are  ; and  in  thofe 
parts  near  the  equator,  they  have 

two  har veils  every  year. But  let 

your  brother  finilh  his  defeription.  * 

James.  From  September  to  De- 
cember, it  is  fuceellively  vertical  to 
■all  the!  parts  of  the  earth  lituated  bo 
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tween  the  equator  and  the  tropic  of 
Capricorn,  which  is  alfo  the  caufe  of 
the  lengthening  of  the  days  in  the 
fouthern  hemifphere,  and  of  their 
becoming  fliorter  in  the  northern. 

Tutor.  Can  you,  Charles,  tell  me 
why  there  is  fonletimes  no  day  or 
night  for  fome  little  time  together 
within  the  polar  circles  ? 

Charles.  The  fun  always  fliines 
upon  the  earth  qo  degrees  every 
way,  and  when  he  is  vertical  to  the 
tropic  of  Cancer,  which  is  231  be» 
grees  north  of  the  equator,  he  mult 
ftiine  the  fame  number  of  degrees 
beyond  the  pole,  or  to  the  polar 
circle,  and  while  he  thus  fliines, 
there  can  be  no  night  to  the*  people 
within  that  polar  circle ; and,  of 
courfe,  to  the  inhabitants  at  the 
■fouthern  polar  circle,  there  can  be 


OF  THE  SEASOXS. 


1&1 


ho  day  at  the  fame  time,  for  as  the 
fun's  rays  reach  but  90  degrees  every 
way,  they  cannot  thine  far  enough  to 
reach  them. 

Tutor.  Tell  me,  now,  why  there 
is  but  one  day  and  night  in  the  whole 
year  at  the  poles  ? 

Charles.  For  the  reafon  which  I 
have  juft  given,  the  fun  muft  lhine 
beyond  the  north -pole  all  the  time 
he  is  vertical  to  thole  parts  of  the 
earth,  fituated  between  the  equator 
and  the  tropic  of  Cancer,  that  is, 
from  March  the  2Jft  to  September 
the  20th,  during  which  time  there 
can  be  no  night  at  the  north  pole, 
nor  any  day  at  the  fouth  pole.  The 
reverfe  of  this  ma}'  be  applied  to  the 
fouthern  pole. 

James.  I underhand  now,  that 
the  lengthening  and  lliortening  of 
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the  days,  and  different  feafons,  are 
produced  by  the  annual  motion  of 
the  earth  round  the  fun ; the  axis 
of  the  earth,  in  all  parts  of  its  Orbit, 
being  kept  parallel  to  itfelf.  But  if 
thus  parallel  to  itfelf,  how  can  it  in. 
all  pofitions  point  to  the  pole-ftar  in 
the  heavens  ? 

Tutor.  Becaufe  the  diameter  of 

the  earth’s  orbit  ac  is  nothing  in 

comparifon  of  the  diftance  of  the 

earth  from  the  fixed  liars.  Suppofe 

you  draw  two  parallel  lines  at  the 

diftance  of  three  or  four  vards  from 

•/ 

one  another,  will  they  not  both  point 
to  the  moon  wh^n  Ihe  is  in  the 
horizon  ? 

James.  Three  or  four  yards  can- 
not be  accounted  as  any  thing,  in 
comparifon  of  240  thoufand  miles, 
the  diftance  of  the  moon  from  us. 


OF.  THE  SEASONS. 


125 

Tutor.  Perhaps,  three  yards  bear 
a greater  proportion  to  240  thoufand 
miles,  than  li^O  millions  of  miles 
bear  to  our  diftance  from  the  polar' 
itar. 

•V  W ;•  ^ 
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CONVERSATION  XII. 


Of  the  Equation  of  Time. 

TUTOR.  You  are  now,  I pre- 
fume,  acquainted  with  the  motions 
peculiar  to  this  globe  on  which  we 
live  ? 

Charles.  Yes:  it  has  a rotation 
on  its  axis  from  weft  to  caft  every 
24  hours,  by  which  clay  and  night 
are  produced,  and  alio  the  apparent 
diurnal  motion  of  the  heavens  from 
eaft  to  weft. 

James.  The  other  is  its  annual 
revolution  in  an  orbit  round  the  fun, 
likewife  from  weft  to  eaft,  at  the 
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diftance  of  about  Qp  millions  of  miles 
from  the  fun. 

Tutor.  You  underftand  alfo,  in 
what  manner  this  animal  motion  of 
the  earth,  combined  with  the  incli- 
nation of  its  axis,  is  the  caufe  of  the 
variety  of  feafons. 

We  will  therefore  proceed  to  inves- 
tigate another  curious  fubjedt,  viz. 
the  equation  of  time,  and  to  explain 
to  you  the  difference  between  equal 
and  apparent  time. 

Charles.  Will  you  tell  us  what 
you  mean  by  the  words  equal  and  ap- 
parent, as  applied  to  time? 

Tutor.  Equal  time  is  meafured 
by  a clock,  that  is  fuppofed  to  go 
without  any  variation,  and  to  mea- 
fure  exadlly  24  hours  from  noon  to 
noon.  And  apparent  time  is  mea- 
• Cured  by  the  apparent  motion  of  the 
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fun  in  the  heavens,  or  by  a good 
fun-dial. 

Charles.  And  what  do  you  mean, 
Sir,  by  the  equation  of  time? 

Tutor.  It  is  the  adjuftment  of 
the  difference  of  time,  as  fhewn  by 
a well  regulated  clock  and  a true 
fun-dial. 

James.  Upon  what  does  this  dif- 
ference depend? 

Tutor.  It  depends-//;;/?  upon  the 
inclination  of  the  earth's  axis.  And 
fecondly  upon  the  elliptic  form  of  the 
earth's  orbit;  for,  as  we  have  already 
feen,  the  earth’s  orbit  being  an  ellipfe, 
its  motion  is  quicker  when  it  is  in 
perihelion , ornearefl  to  the  fun  ; and 
flower  when  it  is  in  aphelion , or 
fartheft  from  the  fun. 

Charles.  But  I do  not  yet  com- 
prehend, what  the  rotation  of  the 
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earth  has  to  do  with  the  going  of  a 
clock  or  watch. 

Tutor.  The  rotation  of  the  earth 
is  the  moft  equable  and  uniform  mo- 
tion in  nature,  and  is  completed  in 

23  hours,  56  minutes  and  4 feconds ; 
this  fpace  of  time  is  called  a.  fide  real 
day,  becaufe  any  meridian  on  the 
earth  will  revolve  from  a fixed  ftar, 
to  that  liar  again  in  this  time.  But 
a folar  or  natural  day,  which  our 
clocks  are  intended  to  meafure,  is 
the  time  which  any  meridian  on  the 
earth  will  take  in  revolving  from  the 
fun  to  the  fun  again,  which  is  about 

24  hours,  fometimes  a little  more, 
but  generally  lefs. 

James.  What  occafions  this  dif- 
ference between  the  folar  and  fide- 
rea!  day  ? 
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Tutor.  The  diftance  of  the  fixed 
flai  's  is  fo  great,  that  the  diameter 
of  the  earth’s  orbit,  though  190 
millions  of  miles,  when  compared 
with  it,  is  but  a point,  and  therefore 
any  meridian  on  the  earth  will  revolve 
from  a fixed  liar  to  that  ftar  again  in 
exactly  the  fame  time,  as  if  the  earth 
had  only  a diurnal  v motion,  and  re- 
mained always  in  the  fame  part  of 
its  orbit.  But  with  refpedt  to  the 
fun,  as  the  earth  advances  almoft  a 
degree  ealtward  in  its  orbit,  in  the 
fame  time  that  it  turns  eaftward 
round  its  axis,  it  mult  make,  more 
than  a complete  rotation  before  it 
can  come  into  the  fame  pofition 
with  the  fun  that  it  had  the  day 
before.  In  the  fame  way,  as  when 
both  the  hands  of  a watch  or  clock 
fet  off  together  at  12  o'clock,  the 
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minute-hand  muft  travel  more  than 
a whole  circle  before  it  will  overtake 
the  hour-hand,  that  is,  before  they 
will  be  in  the  fame  relative  pohtion 
again.  Thus  the  fidereai  days  are 
ihorter  than  the  folar  ones  by  about 
four  minutes,  as  is  evident  from  ob- 
fervation : 

Watch  with  nice  eye  the  earth’s  diurnal  way 
Marking  her folar  and  Jidereal  day  ; 

Her  flow  nutation,  and  her  varying  clime, 

And  trace  with  mimic  art  the  march  of  time. 

Botanical  Garden. 


Charles.  Still  I do  not  underhand 
the  reafon  why  the  clocks  and  dials 
do  not  agree. 

Tutor.  A good  clock  is  intended 
to  meafure  that  equable  and  uniform 
time  which  the  rotation  of  the  earth 
on  its  axis  exhibits.  Whereas  the 
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dial  meafures  time  by  the  apparent 
motion  of  the  lun,  which,  as  we  have 
explained,  is  fubjeefc  to  variation. 
Or- thus  : though  the  earth's  motion 
on  its  axis  be  per  feci  l v uniform,  and 
confequently  the  rotation  of  the  equa- 
tor, the  plane  of  which  is  perpendi- 
cular to  the  axisr,  or  of  any  other 
circle  parallel  to  it,  be  likewife  equa- 
ble, yet  we  meafure  the  length  of 
the  natural  day  by  means  of  the  fun, 
whole  apparent  annual  motion  is  not 
in  the  equator,  or  any  of  its  parallels, 
but  in  the  ecliptic,  which  is  oblique 
to  it. 

James.  Do  you  mean  by  this, 
that  the  equator  of  the  earth,  in  its 
annual  journey,  is  not  always  di- 
retied  towards  the  center  of  the  fun? 

Tutor.  I do : twice  only  in  the 
year,  a line  drawn  from  the  center 
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1 of  the  full  to  that  of  the  earth  pafies 
through  thofe  points  where  the  equa- 
tor and  ecliptic  crofs  one  another; 
at  all  other  times,  it  pafies  through 
I fome  other  part  of  that  oblique  cir- 
cle, which  is  reprefen  ted  on  the 
I globe  by  the  ecliptic  line.  Now 
when  it  pafies  through  the  equator 
or  the  tropics,  which  are  circles  pa- 

Irallel  to  the  equator,  the  fun  and 
clocks  go  together  as  far  as  regards 
this  caufe,  but  at  other  times  they 
differ,  becaufe  equal  portions  of  the 
ecliptic  pafs  over  the  meridian  in 
| unequal  parts  of  time  on  account  of 
I its  obliquity. 

Charles.  Can  you  explain  this 
I by  a figure? 

Tutor.  It  iseafily  fhewuby  the  globe 
which  this  figure  t n (Plate  ir. 
Fig.  10.)  may  reprefen t ; £t  will  be 
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the  equator,  y ^ the  northern 
half  of  the  ecliptic,  and  v Yf  ^ the 
fouthern  half.  Make  chalk  or  pen- 
cil marks  a,  b,  c,  d,  e,  f g,  h,  all 
round  the  equator  and  ecliptic , at 
equal  •diftances  (fuppofe  20  degrees) 
from  each  other  beginning;  at  Aries. 
Now  by  turning  the  globe  on  its  axis, 
you  will  perceive  that  all  the  marks  in 
the  hrft  quadrant  of  the  ecliptic,  thatis, 
from  Aries  to  Cancer,  come  fooner 
to  the  brazen  meridian  than  their 
correfponding  marks  on  the  equator : 
— thole  from  the  beginning  of  Can- 
cer to  Libra  come  later : — thofe 
from  Libra  to  Capricorn  lboncr : — 
and  thofe  from  Capricorn  to  Aries 
later. 

Now  time  as  meafured  by  the  fun- 
dial  is  reprefen  ted  by  the  marks  on 
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the  ecliptic  ; that  meafured  by  a good 
clock  by  thofe  on  the  equator . 

Charles.  Then  while  the  fun  is 
in  the  firft  and  third  quarters,,  or 
what  is  the  fame  thing,  while  the 
earth  is  travelling  through  the  fe- 
cond  and  fourth  quarters,  that  is, 
from  Cancer  to  Libra,  and  from  Ca- 
pricorn to  Aries,  the  fun  is  falter 
than  the  clocks,  and  while  it  is  tra- 
velling the  other  two  quarters  it  is 
flower.  e 

Tutor.  Juft  fo : becaufc  while 
the  earth  is  travelling  through  the 
fecond  and  fourth  quadrants,  equal 
portions  of  the  ecliptic  come  fooner 
to  the  meridian  than  their  corref- 
ponding  parts  of  the  equator : and 
during  its  journey  through  the  firft 
and  third  quadrants,  the  equal  parts 
of  the  ecliptic  arrive  later  at  the 
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meridian  than  their  correfponding 
parts  of  the  equator. 

James.  If  I underftand  what  von 

V 

have  been  faying,  the  dial  and  clocks 
ought  to  agree  at  the  equinoxes, 
that  is,  on  the  20th  of  March,  and 
the  23d  of  September,  but  if  I refer 
to  the  Ephemeris,  I find  that  on  the 
former  day  (1803)  the  clock  is  nearly 
8 minutes  before  the  lun  : and  on 
the  latter  day  the  clock  is  more  than 
7 minutes  behind  the  fun. 

Tutor.  If  this  difference  between 
time  meafured  by  the  dial  and  clock 
depended  only  on  the  inclination  of 
the  earth’s  axis  to  the  plane  of  its 
orbit,  the  clocks  and  dial  ought  to 
be  together  at  the  equinoxes,  and 
alfo  on  the  21ft  of  June  and  the  21ft 
of  December,  that  is,  at  the  Cummer 
and  winter  folftices;  becaufe,  on 
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thofe  days,  the  apparent  revolution, 
of  the  fun  is  parallel  to  the  equator* 
But  I told  you  there  was  ano- 
ther caufe  why  this  difference  lul> 
fifted. 

Charles.  You  did  : and  that  was 
the  elliptic?  form  of  the  earth’s  orbit. 

Tutor.  If  the  earth’s  motion  in 
its  orbit  were  uniform,  which  it 
would  be  if  the  orbit  were  circular, 
then  the  whole  difference  between 
equal  time  as  lhewn  by  the  clock, 
and  apparent  time  as  fliewn  by  the 
fun,  would  arife  from  the  inclination 
of  the  earth's  axis.  But  this  is  not 
the  cafe,  for  the  earth  travels,  when 
it  is  neareft  the  fun,  that  is,  in  the 
winter,  more  than  a degree  in  24 
hours,  and  when- it  is  fartheft  from 
the  fun,  that  is,  in  Cummer,  lefs  than 
a degree  in  the  fame  time : confe- 
n 2 


1 36 


ASTRONOMY. 


quently  from  this  caufe  the  natural 
clay  would  be  of  the  greatcft  length 
when  the  earth  was  neareft  the  lun, 
for  it  muft  continue  turning  the 
longeft  time  after  an  entire  rotation, 
in  order  to  bring  the  meridian  of  any 
place  to  the  fun  again : and  the 
fliorteft  day  would  be  when  the  earth 
moves  theljoweftin  her  orbit.  Now 
thefe  inequalities,  combined  with 
thofe  arifing  from  the  inclination  of 
the  earth’s  axis,  make  up  that  differ- 
ence which  is  ihewn  by  the  equation 
table,  found  in  the  Ephemeris,  be- 
tween good  clocks  and  true  lun- 
dials. 
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CONVERSATION  XIII, 


Of  Leap-Year. 

JAMES.  Before  we  quit  the 
fubject  of  time,  will  you  give  us 
fome  account  of  what  is  called  in  our 
Almanacs  Leap-Year? 

Tutor.  I will.  The  length  of  our 
year  is,  as  you  know,  meafured  by 
the  time  which  the  earth  takes  iri 
performing  her  journey  round  the 
fun,  in  the  fame  manner  as  the 
length  of  the  day  is  meafured  by 
its  rotation  on  its  axis.  Now,  to 
compute  the  exact  time  taken  by  the 
earth  iu  its  annual  journey,  was  a 

ar  3 
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work  of  confiderable  difficulty.  Ju- 
lius Ckefar  was  the  firft  perfon  who 
feems  to  have  attained  to  any  accu- 
racy on  this  fubject 

Charles.  Do.  you  mean  the  firft 
Homan  Emperor,  who  landed  alfo 
in  Great- Britain  ? 

Tutor.  I do.  He  was  not  lefs 
celebrated  as  a man  of  fcience,  than 
he  was  renowned  as  a general : of 
him  it  was  faid, 

Amidft  the  hurry  of  tumultuous  war, 

The  ftars,  the  gods,  the  heavens  were  ft  ill  his 
care. 

Nor  did  his  Ikill  to  fix  the  rolling  year 
Inferior  to  Eudoxus’  art  appear. 

Julius  Caefar,  who  was  well  ac- 
quainted with  the  learning  of  the 
Egyptians,  fixed  the  length  of  the 
year  to  be  365  days  and  fix  hours, 
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which  made  it  fix  hours  longer  than 
the  Egyptian  year.  Now,  in  order 
to  allow  for  the  odd  6 hours  in  each 
year,  he  introduced  an  additional 
day  every  fourth  year,  which  ac- 
cordingly confdls  of  366  days, 
and  is  called  Leap- Year,  while  the 
other  three  have  only  36o  days  each. 
From  him  it  was  denominated  the 
Julian  vcar. 

• w 

James.  It  is  alfo  called  Bijfextile 
in  the  Almanacs,  what  does  that 
mean  ? 

Tutor.  The  Romans  inferted  the 
intercalary  day  between  the  23d  anti 
24th  of  Febtiary : and  becaufe  the 
2dtl  of  Febuary,  in  their  calendar, 
was  called  j'exto  cakndas  Martii,  the 
6th  of  the  calends  of  March ; the 
intercalated  day  was  called  bis  fexto 
Ldlemlas  JLartii,  the  fecoud  lixth  of 
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the  calends  of  March,  and  hence 
the  year  of  intercalation  had  the  ap- 
pellation of  Bijfevtile.  This  day  was 
chofen  at  Rome,  on  account  of  the 
expulfion  of  Tarquin  from  the 
throne,  which  happened  on  the  23d 
of  February.  , We  introduce,  in 
Leap-Year,  a new  day  in  the  fame 
month,  namely,  the  29th. 

Charles.  Is  there  any  rule  for 
knowing  what  year  is  Leap-Year  ? 

Tutor.  It  is  known  by  dividing 
the  date  of  the  year  by  4,  if  there 
be  no  remainder,  it  is  Leap-Year; 
thus  1799  divided  dy  4,  leaves  a re- 
mainder of  3,  diewing  that  it  is 
the  3d  year  after  Leap-Year.  Tiiefe 
two  lines  contain  the  rule  : 

Divide  by  4 ; what’s  left  (hall  be 
For  Leap-year  o ; for  pall  i,  z,  3. 
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James.  The  year,  however,  does 
not  con  lift  of  365  days  and  6 hours, 
but  of  365  days,  5 hours,  48  minutes, 
and  49  freon  ds*.  Will  not  this  oc- 
casion fome  error? 

Tutor.  It  will : and  bv  fubtraft- 

V 

ino;  the  latter  number  from  the  for- 
mer,  you  will  find  that  the  error 
amounts  to  1 1 minutes  and  1 1 Se- 
conds every  year,  or  to  a whole  day 
in  about  130  years:  notwithftand- 
ing  this,  the  Julian  year  continued  to 
be  in  general  ufe  till  the  year  1582, 
when  Pope  Gregory  the  13th,  un- 
dertook to  re&ify  the  error  which, 
at  that  time,  amounted  to  10  days, 

v 

He  accordingly  commanded  the  10 
days  between  the  4th  and  15th  of 
October  in  that  year  to  be  fupprelfed, 
io  that  the  5th  day  of  that  month 
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•was  called  the  15th.  -This  altera- 
tion took  place  through  the  greater- 
part  of  Europe,  and  the  year  was 
afterwards  called  the  Gregorian  year, 
or  New  Style.  In  this  country,  the 
method  of  reckoning,  according  to 
the  New  Style,  was  not  admitted 
into  our  calendars  ’till  the  year 
17 52,  when  the  error  amounted  to 
nearly  1 1 days,  which  were  taken 
from  the  month  of  September,  by 
calling  the  3d  of  that  month  the 
14th.  01 

Charles.  By  what  means  will 
this  accuracy  be  maintained? 

Tutor.  The  error  amounting  to 
one  whole  day  in  about  130  years,  it 
is  fettled  by  an  a6t  of  parliament, 
that  the  prefent  year  1800  and  .the. 
year  1000,  which  are,  according 
to  the  rule  juft  given,  Leap-Years, 
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lhall  be  computed  as  common  years, 
having  only  3b5  days  in  each : and 
that  every  four  hundredth  year 
afterwards  fhould  be  common  vears 
all'o.  If  this  method  be  adhered  to, 
the  prefen t mode  of  reckoning  will 
not  vary  a fingle  day  from  true  time, 
in  Ids  than  5000  years. 

By  the  fame  ad  of  parliament, 
the  legal  beginning  of  the  vear  was 
changed  from  the  25th  of  March  to 
the  lit  of  January.  So  that  the  fuc- 
ceeding  months  of  January,  Fe^ 
bruary,  and  March,  up  to  the  24th 
day,  which  would,  by  the  Old 
Style,  have  been  reckoned  part  of 
the  year  1752,  were  accounted  as 
the  three  firlt  months  of  the  veat 

■ V 

1753. 
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CONVERSATION  XIV. 

'V 


Of  the  Moon. 

TUTOR.  You  are  now,  gentle 
men,  acquainted  with  the  real’ons 
for  the  divifion  of  time  into  davs  and 
years. 

. Charles.  Thefe  divifions  havj 
their  foundation  in  nature,  the  j'or- 
vier  depending  upon  the  rotation  of 
the  earth  on  its  axis ; the  latter 
upon  its  revolution  in  an  elliptic 
orbit  about  the  fun  as  a center  of 
motion. 

James.  Is  there  any  natural  rea- 
fon  for  the  divifion  of  years  into 

v 
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weeks,  or  of  days  into  hours,  mi- 
nutes and  feconds  ? . 

' » • • .*1 

Tutor.  Thefe  divifions  were 'in- 
vented entirely  for  the  convenience 
of  mankind,  and  are  accordingly  dif- 
ferent in  different  countries.  * There 
is,  however,  another  divifion  of  time 
marked  out  by  nature. 

Charles.  What  is  that,  Sir  ? 

Tutor.  The  length  of  the  month  : 
not  indeed  that  month  which  con- 
fifts  of  four  weeks,  nor  that  by  which 
the  year  is-  divided  into  12  parts. 
Thefe  are  both  arbitrary.  But  by  a 
month  is  meant  the  time  which  the 
moon  takes  in  performing  her  journey 
round  the  earth  : ,• 

i 

Then  mark'd  aftronomers  with  keener  eyes 
The  moon’s  refulgent  journey  through  the  Ikies. 

Darwin. 
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James.  How  many  days  does  the 
moon  take  for  this  purpofe? 

Tutor.  If  you  refer  to  the  time  in 
Which  the  moon  revolves  ‘from  one 
point  of  the  heavens  to  the  fame  point 
again,  it  confifts  of  27  davs,  7 hours, 
and  43  mirftites,  tills  is  called  the  pe- 
riodical month  : but  if  you  refer  to  the 
time  palled  from  new  moon  to  new 
moon  again,  the  month  confifts  of  <2g 
days  hours* and  44' minutes-  this 

is  called  the  fy nodical  month. 

Charles.  Pray  explain  the  rcafon 
of  this  difference. 

Tutor.  It  is  occafioned  by  the 
earth’s  annual  motion  in  its  orbit.  Let 
us  refer  to  our  watch  as  an  example. 
The  two  hands  are  together  at  12 
o’clock ; now  when  the  minute-hand 
has  made  a complete  revolution,  are 
they  together  again? 
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James.  No;  for  the  hour  hand 
is  advanced  the  twelfth  part  of  its 
revoluitiou,  which  in  order  that  tha 
other  may  overtake,  it  muft  travel 
five  minutes  more  than  the  hour. 

Tutor.  And  fomething  more,  for 
the  hour-band  does  not  wait  at  the 
figure  1 till  the  other  comes  up  : and 
therefore  they  will  not  be  together 
'till  between  5 and  6 minutes  after 
one. 

Now  apply  this  to  the  earth  and 
moon,  fuppofe  (Plate  in.  Fig.  11.) 
s to  be  the  fun  ; t the  earth  in  a 
part  of  its  orbit  ql;  and  e to  be  the 
pofition  of  the  moon ; if  the  earth 
had  no  motion,  the  moon  would 
move  round  its  orbit  eiic  into  the 
pofition  e again,  in  27  days,  7 hours, 
43  minutes ; but  while  the  moon  is 
defending  her  journey,  the  earth  lias 
o 2 
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paffed  through  nearly  a twelfth  part 
of  its  orbit,  which  the  moon  muft 
alfo  defcribe  before  the  two  bodies 
come  again  into  the  lame  polition 
that  they  before  held  with  refpedt  to 
the  fun:  this  takes  up  fo  much  more 
time  as  to  make  her  fynodical  month 
equal  to  Q9  days,  12  hours,  and  44 
minutes : hence  the  foundation  of  the 
divifion  of  time  into  months. 

We  will  now  proceed  to  defcribe 
lome  other  particulars  relating  to  the 
moon,  as  a body  depending,  like  the 
earth,  on  the  fun  for  her  light  and 
heat.  . ! 

: Charles.  Does  the  moon  Ihinc 
with  a borrowed  light  only? 

Tutor.  This  is  certain ; for  other- 
wife,  if  like  the  lun,  die  were  a lu- 
minous body,  Ihe  would  always  ihine 
with  a full  orb  as  the  fun  does ; . . 
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- Lefs  bright  the  moon. 

But  oppofite  in  level'd  weft  was  fet, 

His  mirror,  with  full  face  borrowing  her  light 
From  him,  for  other  light  (he  needed  none. 

Her  diameter  is  nearly  2200  miles  in. 
length. 

James.  And  I remember  die  is  at 
the  diftance  of  240,000  miles  from 
the  earth. 

Tutor.  The  fun  s (Plate  ill. 
Fig.  1 1.)  always  enlightens  one  half 
of  the  moon  e,  and  its  whole  en- 
lightened hemifphere,  or  a part  of  it, 
or  none  at  all,  is  seen  by  us  accord-* 
ing  to  her  different  positions  in  the 
orbit  with  refpet7!  to  the  eattli,  for 
only  tliofe  parts  of  the  enlightened 
half  of  the  moon  are  vitible  at  t 
which  are  cut  off'  by,  and  are  within 
the  orbit. 
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James.  ■ Then  when  the  moon  is  at 
e,  no  part  of  its  enlightened  fide  is 
vifible  to  the  earth. 

Tutor.  You  are' light : it  is  then 
new  moon,  or  change , for  it  is  ufual 
to  call  it  new  moon  the  firft  day  it  is 
vifible  to  the  earth,  which  is  not  'till 
the  fecond  day  after  the  change.  And 
the  moon  being  in  aline  between  the 
fun  and  earth,  they  are  laid  to  be  in 
conjunction. 

. Charles.  And  at  a all  the  illumi- 
nated hemifphere  is  turned  to  the 
earth. 

Tutor.  This  is  called  full  moon  ; 
and  the  earth  being  between  the  fun 
and  moon,  they  are  fa  id  to  be  in  op~ 
ppfition.  The  enlightened  parts  of  t he. 
little  figures  on  the  outfidcof  the  orbit, 
reprefent  the  appearance  of  the  moon 
fts  Icon  by  a ipedfcatgr  on  the  earth, 
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James.  Is  the  little  figure  then 
oppolite  e wholly  dark  to  Ihew  that 
the  moon  is  invifible  at  change  ? 

Tutor , It  is:  and  when  it  is  at  f 

afmall  part  of  the  illuminated  hemi- 
fphere  is  within  the  moon’s  orbit,  and 
therefore  to  a fpe&ator  at  t it  appears 
horned;  at  g one  half  of  the  enlight- 
ened hemifphere  is  vifible,  and  it  is 
faid  to  be  in  quadrature : at  11  three- 
fourths  of  the  enlightened  part  is  vi- 
fible to  the  earth,  and  it  is  then  faid 
to  be  gibbous:  and  at  a the  whole  en- 
lightened face  of  the  moon  is  turned 
to  the  earth,  and  it  is  faid  to  be  full. 
The  fame  may  be  faid  of  the  relt. 

The  horns  of  the  moon  before  con- 
junction or  new  moon,  are  turned  to 
the  e.ajt : after  conjunction  they  are 
turned  to  the  wejl.  How  beautifully 
js  the  moon  deferibed  by  Milton  : 
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till  the  moon. 

Riling  in  clouded  majefty,  at  length, 

Apparent  Queen  unveil’d  her  peeriefs  light. 

And  o’er  the  d<irk  her  diver  mantle  threw. 

Book  iv.  line  606, 

Charles.  I fee  the  ficrirc  is  in- 
tended  to  Ihew  that  the  moon’s  orbit 
is  elliptical:  does  Ihe  alfo  turn  upon 
her  axis  ? 

Tutor.  She  does;  and  Ihe  requires 
the  fame  time  for  her  diurnal  rotation, 
as  flic  takes  in  completing  her  revolu- 
tion about  the  earth ; and  confequent- 
ly  though  every  part  of  the  moon  is 
fuccefiively  prefen  ted  to  the  fun,  yet 
the  fame  hemilpherc  is  always  turned 
to  the  earth.  This  is  known  by  ob- 
fervation  with  good  telelcopes. 

James.  Then  the  length  of  a day 
and  night  in  the  moon  is  equal  to 
more  than  twenty  nine  days  and  a 
half  of  ours. 
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Tutor.  It  is  fo  : and  therefore  as 
the  length  of  her  year,  which 4s  mca- 
iured  by  her  journey  round  the  fun, 
is  equal  to  that  of  our’s,  ihe  can  have 
but  about  twelve  days  and  one  third 
in  a year.  Another  remarkable  cir- 
cumftance  relating  to  the  moon,  is 
that  the  hemifphere  next  the  earth  is 
never  in  darkneis,  for  in  the  pofition 
e when  it  is  turned  from  the  fun,  it  is 
illuminated  by  light  reflected  from  the 
eaith,  in  the  fame  manner  as  we  are 
enlightened  by  a full  moon.  But  the 
other  hemifphere  of  the  moon  has  a 
fortnight’s  light  and  darknefs  by 
turns. 

Charles.  Can  the  earth,  then,  be 
conhdeitd  asafatellite  to  the  moon? 

Tutor.  It  would,  perhaps,  be  in- 
accurate to  denominate  the  larger 
body  a fatellite  to  the  linaller,  but 
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with  regard  to  affording  reflected 
light,  the  earth  is  to  the  moon,  what 
the  moon  is  to  the  earth,  and  fubjeCt 
to  the  fame  changes  of  horned,  gib- 
bous, full,  See. 

Charles.  But  it  muff  appear  much 
larger  than  the  moon. 

Tutor.  The  earth  will  appear  to 
the  inhabitants  of  the  moon,  about 
13  times  as  large  as  the  moon  appears 
to  us.  When  it  is  new  moon  to  us,  it 
is  full  earth  to  them,  and  the  revet  fe. 

James.  Is  the  moon  then  inha- 
bited as  well  as  the  earth  ? 

Tutor.  Though  we  cannot  de- 
monftrate  this  fact,  yet  there  are 
many  reafons  to  induce  us  to  believe 
it:  for  the  moon  is  a fecondarv  pla- 
net of  considerable  fize; — its  fur  face 
is  divcrfified  like  that  of  the  earth 
with  mountains  and  vallics; — the 
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former  have  • been  meafured  by  Dr. 
Herfehel,  and  fame  of  them  found 
to  be  about  a mile  in  height.  The 
iituation  of  the  moon,  with  refpe-et 
■to  the  fun,  is  much  like  that  of  the 
earth,  and  by  a rotation  on  her  axis, 
and  a fmall  inclination  of  that  axis 
to  the  plane  of  her  orbit,  (he  enjoys, 
though  not  a confiderable,  yet  an 
agreeable  variety  of  day  and  night 
and  of  feafons.  To  the  moon,  our 
globe  appears  a capital  fateilite,  un- 
dergoing the  fame  changes  of  illumi- 
nation, as  the  moon  does  to  the  earth. 
The  fun  and  flars  rife  and  fet  there  as 
they  do  here,  and  heavy  bodies  will 
fall  on  the  moon  as  they  do  on  the 

w 

earth.  Hence  we  are  led  to  conclude 
that  like  the  earth,  the  moon  alfo  is 
inhabited.  Dr.  Herfchd  difeovered 
fome  years  ago  three  volcanoes  all 
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burning  in  themoon;  but  no  large  Teas 
or  tracks  of  water  have  been  obferved 
there,  nor  is  the  exigence  of  a lunar 
atmofphere  certain.  Therefore  her 
inhabitants  mud  materially  differ 
from  thofe  who  live  upon  the  earth. 
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• / 1 . *j  | • 

Of  Eclipfes. 

CHARLES.  Will  you,  Sir,  ex- 
plain to  us  the  nature  and  caufes  of 
eclipfes  ? 

Tutor.  I will,  with  great  pleafure. 
You  muft  obferve,  then,  that  eclipfes 
depend  upon  this  fimple  principle, 
that  all  opaque  or  dark  bodies  wlTen 
expofed  to  any  light,  and  therefore 
to  the  light  of  the  fun,  call  a fhadow 
behind  them  in  an  oppofite  direc- 
tion. 

James.  The  earth  being  a body 
of  this  kind  muft  caft  a very  large 

vol.  ir,  p 
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fliadow  on  its  fide  which  is  oppofite 
to  the  fun. 

Tutor.  It  docs  : and  an  eclipfe  of 
the  moon  happens  when  the 'earth  T 
(Plate  hi.  Fig.  12.)  paffes  between, 
the  fun  s and  the  moon  m,  and  it  is 
occafioned  by  tlie  earth’s  fliadow  be- 
in"  caft  on  the  moon. 

O 

Charles.  When  does  .this  .hap- 
pen ? 

Tutor.  It  is  only  when  the. moon 

* i J 

is  full  or  in  oppofition , that  it  comes 
within  the  fliadow  of  the  earth. 

James.  Fclipfes  of  the. moon, 
however,  do  not  happen  every  time 
it  is  full.;  what  is  the  reafon  of 
this?  ' 

Tutor.  Became  the  orbit  of  the 
moon  does  not  coincide  with  the 
plane  of  the  earth’s  orbit,  but  one 
half  of  it  is  elevated  about  five  de- 
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grees  and  a third  above  it,  and  the 
other  half  is  as  much  below  it : and 
therefore,  wnlefs  the  full  moon  hap- 
pen in  or  near  one  of  the  nodes,  that 
is  in  or  near  the  points  in  which  the 
two  orbits  interfetf  each  other,  die- 
will  pads  above,  Or  below  the  ihadow 
of  the  earth,  in  which  cafe  there  can 
be  no  eel i pie. 

Charted  What  is  the  greateft 
didance  from  the  node,  at  which  an 
eelipte  of  the  moon  can  happen  ? 

Tuior . There  can  be  no  eclinfr,- 
if  the  moon,  at  the  time  when  (he 
is  full,  be  more  than  12  degrees  from 
the  node  ; when  die  is*  within  that 
diftance,  there  will  be  a partial , or 
total  eclipfe,  according  as  a part,  or 
the  whole  dnk.  or  face  of  the  moon 
falls  within  the  earth’s  diadow.  If 
the  eclipfe  happen  exactly  when  the 

p 2 
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moon  is  fall  in  the  node,  it  is  called 
a central  eclipfe. 

James.  1 fuppofe  the  duration  of 
the  eclipfe  lafts  all  the  time  that 
the  moon  is  palling  through  the 
fhadow. 

Tutor.  It  does : and  you  ob- 
ferve  that  the  fhadow  is  conliderably 
wider  than  the  moon's  diameter,  and 
therefore  an  eclipfe  of  the  moon 
lafts  fometimes  three  or  four  hours. 
The  fhadow  alfo  you  perceive  is  of  a 
conical  lliape,  and  confequently,  as 
the  moon’s  orbit  is  an  ellipfe  and 
not  a circle,  the  moon  will,  at  dif- 
ferent times,  be  eclipfed  when  fhe 
is  at  different  diftances  from  the 
earth. 

Charles.  And  according  as  the 
moon  is  nearer  to,  or  farther  from 
the  earth,  the  eclipfe  will  be  of  a 


OF  ECLIPSES, 


ifir 

greater  or  lefs  duration  ; for  the  fha- 
dow  being  conical  becomes  lefs  and 
lefs,  as  the  di dance  from  the  body  by 
■which  it  is  cad  is  greater. 

Tutor . It  is  by  knowing’ exactly 

at  what  didance  the  moon  is  from 
the  earth,  and  of  courfe  the  width 
ot  the  earth’s  Ihadow  at  that  dis- 
tance* that  all  eclipfes  are  calcu- 
lated, with  the  greateft  accuracy, 
for  many  years  before  they  happen. , 
Now,  it  is  found  that  in  all  eclipfes, 
the  fhadow  of  tlie  earth  is  conical, 
which  is  a demonstration,  that  the 
\ y \>  h * c h it  is- projected  is  of  a 
fph erica!  form,  for  no  other  fort  of 
figure  would,  in  all  portions , cad  a 
conical  fliadow.  I his  is  mentioned 
as  another  proof,  that  the  earth  is  a 
fph  erica!  body.  5 


J62 


ASTRONOMY. 

James.  It  feems  to  me  to  prove 
another  thing,  viz.  that  the  fun  mull 
be  a larger  body  than  the  earth. 

'Tutor.  Your  conclufion  is  juft, 
for  if  the  two  bodies  were  equal  to 
one  another  (Plate  m.  Fig.  13.)  the 
lhadow  would  be  cylindrical : and 
if  the  earth  were  the  larger  body, 
(Plate  in.  Fig.  14.)  its  lhadow  would 
be  of  the  figure  of  a cone,  which  had 
loft  its  vertex,  and  the  farther  it  were 
extended  the  larger  would  it  become. 
In  either  cafe  it  would  run  out  to  an 
infinite  fpace,  and  accordingly  muft 
fometimes  involve  in  it  the  other  pla- 
nets, and  eclipfe  them,  which  is  con- 
trary to  fact.  Therefore,  fince  the 
earth  is  neither  larger  than,  nor  equal 
to  the  fun,  it  muft  be  the  Idler  body. 
—-We  will  now  proceed  to  the  eclipfes 
of  the  fun. 
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Charles.  How  are  thefe  occa- 
fioued  ? 

v ’ •# 

Tutor.  An  eclipfe  of  the  fun  hap- 
pens when  the  moon  m,  palling  be- 
tween the  fun  s and  the  earth  t, 
(Plate  hi.  Fig.  15.)  intercepts  the 
fun's  light. 

James.  The  fun  then  can  lie 
eclipfed  only  at  the  new  moon. 

Tutor.  Certainly ; for  it  is  only 
when  the  moon  is  in  conjunction, 
that  it  can  pals  directly  between  the 
fun  and  earth. 

Charles.  Is  it  only  when  the 
moon  at  her  conjunction,  is  near 
one  of  its  nodes,  that  there  can  be 
an  eclipfe  of  the  fun  ? 

Tutor.  An  eclipfe  of  the  fun  de- 
pends upon  this  circumftance : for 
unlefs  the  moon  is  in,  or  near  one  of 
its  nodes,  fixe  cannot  appear  in  the 
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fame  plane  with  the  fun , or  feem  to 
pafs  over  his  difk.  In  every  other 
part  of  the  orbit  Ihe  will  appear 
above  or  below  the  fun.  If  the 
moon  be  in  one  of  the  nodes  (lie 
will,  in  m oft  cafes,  cover  the  whole 
difk  of  the  fun,  and  produce  a total 
eclipfe ; if  the  be  any  where  within 
about  16  degrees  of  a node,  a partial 
eclipfe  will  be  produced. 

The  fun's  diameter  is  fuppofed  t<J 
be  divided  into  12  equal  parts  called 
digits,  and  in  every  partial  eclipfe, 
as  many  of  thefe  parts  of  the  full’s 
diameter,  as  the  moon  covers,  fo 
many  digits  are  faid  to  be  eclipfed. 

James.  I have  heard  of  annular 
eelipfes,  what  are  they,  Sir^ 

i ator.  W hen  a ring  of  light 
.appears  round  the  edge  of  the  moom 
during  an  eclipfe  of  the  fun,  it  is 
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faid  to  be  annular,  from  the.  latin 
\ 

word  annulus , a ring:  tliefe  kind 
of  eclipfes  are  occafioned  by  the 
moon  being  at  her  greateft  diftance 
from  the  earth  at  the  time  of  an 
eclipfe,  becaufe  in  that  fituation,  the 
vertex  or  tip  of  the  cone  of  the 
moon's  ihadow  does  not  reach  the 
furface  of  the  earth. 

Charles.  How  long  can  an 
eclipfe  of  the  fun  laft  ? 

Tutor.  A total  eclipfe  of  the  fun 
is  a very  curious  and  uncommon 
fpedtacle ; and  total  darknefs  cannot 
laft  more  than  three  or  four  mi- 
nutes. Of  one  that  was  obferved  in 
Portugal  150  years  ago,  it  is  faid 
that  the  darknefs  was  oreater  than 

> O 

that  of  the  night ; — that  ftars  of 
the  fir  ft  magnitude  made  their  ap- 
pearance;— and  that  the  birds  were 
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fo  terrified  that  they  fell  to  the 
ground. 

James.  Was  this  vifible  onlv  at 

ml 

Portugal  r 

Tutor.  The  moon  beino*  a body 

O mr 


much  hn alter  than  the  earth ; and 
having:  aifo  a conical  fliadow,  can 
with  that  lhadow  only  cover  a fmali 
part  of  the  earth  ; whereas  an  eelipie 
or  the  moon  may  be  fecu  by  all  thole 
that  are  on  that  hemifphere  which- 
is  turned  towards  it.  (See  Plate  lit. 
fig.  In  and  12.)  —You  will  alfo  ob- 
ferve,  that  an  eclipfe  of  the'fun  may 
be  total  to  the  inhabitants  near  the’ 


middle  of  the  earth's  difk,  and  an-1 
nular  to  thole,  in  places  near  thet 
edges  of  the  difk,  for  in  the  former 
cafe  the  moon's  fhadow  will  reach 
the  earth,  and  in  the  latter,  on  ae- 
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count  ol  the  earth’s  Iphericity,  it 
will  not. 

Charted.  Have  not  eclipfes  been 
efteemed  as  omens  prefaging  fome 
direful  calamity? 

Tutor.  Till  the  caufes  of  thefe  ap- 
pearances were  difcoyered,  they  were 
generally  beheld  with  terror  by  the 
inhabitants  of  the  world,  which  fact 
is  beautifully  alluded  to  by  Milton 
in  the  1ft  book  of  Paradife  Loft, 
line  394 : 

■ As  when  the  fun,  new  rifen. 

Looks  through  the  horizontal  mifly  air 
Shorn  of  his  beams,  or  from  behind  the  moon. 

In  dim  eclipfe,  difaftrous  twilight  fheds 
On  half  the  nations,  and  with  fear  of  .change 
Perplexes  monarchs. 
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CONVERSATION  XV r. 


Of  the  Tides. 

TUTOR.  We  will  proceed  to  the 
confideration  of  the  Tides,  or  the 
flowing  and  ebbing  of  the  ocean. 

James.  Is  this  fubjedt  connected 
with  aftronomy  ? 

Tutor.  It  is,  inafmuch  as  the  tides 
are  occafioned  by  the  attraction  of 
the  fun  and  moon  upon  the  waters, 
but  more  particularly  by  that  of  the 
latter.  You  will  readily  conceive 
that  the  tides  are  dependent  upon 
fome  known  and  determinate  laws, 
becaule?  if  you  turn  to  the  eplie* 
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nierisj  or  indeed  to  almoft  any  al- 
manac, von  will  fee  the  exad  time 
of  high  water  at  London -bridge  for 
every  day  in  the  year. 

Charles.  I have  frequently  won- 
dered how  this  could  be  known  with 
fuch  a degree  of  accuracy : indeed 
there  is  not  a waterman  that  plies  at 
the  ftairs  but  can  readily  tell  when  it 
will  be  liio’h  water. 

Tutor.  The  generality  of  the  wa- 
termen are  probably  as  ignorant  as 
yourfelf  of  the  caufe  by  which  the 
waters  flow  and  ebb,  but  by  expe- 
rience they  know,  that  the  time  of 
high  water  differs  on  each  day  about 
three  quarter's  of  an  hour,  or  a little 
more  or  lefs,  and  therefore,  if  it  be 
high  water  to-day  at  fix  o’clock, 
they  will,  at  a guefs,  tell  you,  that 
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to-morrow  the  tide  will  not  be  up 
till  a quarter  before  feven. 

James.  Will  you  explain  the 
caufes  ? 

Tutor.  I will  endeavour  to  do 
this  in  an  eafy  and  concife  manner, 
without  fatiguing  your  memory 
with  a great  variety  of  particu- 
lars : 

The  ebbs  of  tides,  and  their  myfterious  flow. 
We,  as  art’s  elements,  {hall  underftand. 

Drydkk. 

• \ > r 

You  mull  bear  in  your  mind  then, 
that  the  tides  are  occafioned  by 
the  attra&ion  of  the  fun  and  moon 
upon  the  waters  of  the  earth  : per- 
haps a figure  may  be  of  fume 
a (li  ft  an  ce  to  you.  Let  a p l n 
(Plate  hi.  Fig.  16.)  be  fuppofed 
the  earth,  c its  center ; let  the  dotted 
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circle  represent  a mafs  of  water 
covering  the  earth : let  m be  the 

moon-  in  its  orbit : and  s the  fun'. 

Since  the  force  of  gravity  or  at- 
traction diminilhes  as  the  iquares  of 
the  distances  increafe*,  the  waters 
on  the  fide  a ^re  more  attracted  by 
the  moon  ai,  than  the  central  parts- 
at  c;  and  the  central  parts  are  more 
attracted  than  the  waters  at  l;  con- 
fcquently  the  waters  at  l will  recede- 
from  the  center;  therefore  while  the 
moon  is  in  the  fit  nation  &,  the  wa- 
ters will  rife  towards  a and  b on  the 
oppo'ite  fidcs  of  the  earth. 

Charles.  You  mean  that  the  wa- 
ters will  rife  at  a by  the  immediate 
attraction  of  the  moon  m,  and  will 
rife  at  b,  by  center  c,  receding 


* See  voL  r.  p.  54. 
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and  leaving  them  more  elevated 
there. 

Tutor.  That  is  the  explanation. 
It  is  evident  that  the  quantity  or 
water  being  the  fame,  a rife  cannot 
take  place  at  a and  b,  without  the 
parts  at  p and  n being  at  the  fame 
time  depreffed.  , • 

• James.  In  this  fituation  the  wa- 
ter may  be  confidered  as  partaking 
of  an  oval  form. 

Tutor.  If  ' the  earth  and  moon 
were  without  motion,  and  the  earth 
covered  all  over  with  water,  the  at- 
tradtion  of  the  moon  would  raife  it 
up  in  a heap  in  that  part  of  the 
ocean  to  which  the  moon  is  vertical, 
and  there  it  would  always  continue : 
but  by  the  rotation  of  the  earth  011 
its  axis,  each  part  of  its  furface  to 
which  the  moon  is  vertical  is  pre- 
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fented  twice  a day  to  the  a&ion  of 
the  moon,  and  thus  are  produced 
two  floods  and  two  ebbs  : 

Alternate  tides  in  facrcd  order  run. 

Blackmore. 

Charles.  How  twice  a day  ? 

Tutor.  In  the  pofition  of  the 
earth  and  moon  as  it  is  in  our  fi- 
gure, the  waters  are  railed  tit  a by 
the  direct  attraction  of  the  moon,  and 
a tide  is  accordingly  produced  : but 
when,  by  the  earths  rotation,  a 
comes,  12  hours  afterwards,  into  the 
pofltion  l,  another  tide  is  ocoalioned 
by  the  receding  of  the  waters  there 
from  the  center. 

James.  You  have  told  us  that 
the  tides  are  produced  in  thole  parts 
of  the 'earth  to  which  the  moon  is 


ASTRONOMY. 


174 

vertical,  but  this  effect  is  not  con- 
fined to  thofe  parts. 

Tutor.  It  is  not,  but' there  the 
attraction  of  the  moon  has  the  great- 
eft  effect;  in  all  other  parts  her 
force  is  weaker,  becaufe  it  aCts  in  a 
tnore  oblique  direction. 

Charles.  Are  there  two  tides  in 
every  24  hours  ? 

Tutor.  If  the  moon  were  ftati- 
onary  this  would  be  the  cafe ; but 
becaufe  that  body  is  alfo  proceeding 

every,  day  about  13  degrees  from 

✓ 

weft  to  eaft  in  her  orbit,  the  earth 
muft  make  more  than  one  revolution 
on  its  axis  before  the  fame  meridian 
is  in  conjunction  with  the  moon,  and 
hence  two  tides  take  place  in  about 
24  hours  and  30  minutes. 

James.  But  I remember  when  we 
were  at  the  fea,  that  the  tides  rofe 
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higher  at  ionic  feafons  than  at  others : 
liow  do  you  account  for  this  ? 

Tutor.  The  moon  goes  round 
the  earth  in  an  elliptic  orbit,  and 
therefore  ilie  approaches'  nearer  to 
the  earth  in  fonie  parts  of  her  orbit, 
than  in  others..  When  die  is  near- 
eft,  the  attraction  is  the  ftrongeft, 
and  confequently  it  raifes  the  tides 
molt : and  when  die  is  farthed  from 
the  earth,  her  attraction  is  the  lead, 
and  the  titles  the  lowed. 

James.  Do.  they  rite  to  .different 
heights  in  different  places  ? 

, Tutor.  They  do  : In  the  Black- 
Sea  and  the  Mediterranean  the  tides 
are  fearcely  perceptible.  At  the  mouth 
of  the  Indus  the  water  rifes  and  falls 
full  30.  feet.  The  tides  are  remark- 
ably high  on  the  Goads  of  Malay  ; in 
the  Straits  of  Punda  ; in  the  lied - 
Sea,  along  the  coads  of  China,  J a- 
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pan,  &c.  In  general  the  tides  rife 
higbeft  and  ftr.ongeit  in  thofe  places 
that  are  narroweft. 

Charles.  You  fa  id  the  fun’s  attrac- 
tion occafioned  tides  as  well  as  that 
of  the  moon. 

Tutor.'  It  does:  but  owing  to 
the  immenfediftance  ot'  the  fun  from 
the  earth,  it  produces  but  a fmall 
effedt  in  companion  of  the  moon's 
attradtion.  Sir  Ifaac  Newton  com- 
puted, that  the  force  of  the-  moon 
raifed  the  waters  in  the  great  ocean 
10  feet,  whereas  that  of  the  fun 

raifed  it  only  2 feet.  When  both 
•/ 

the  attraction  of  the  fun  and.  moon 
adt  in  the  lame  direction,  that  is  at 
new  and  full  moon,  the  combined 
forces  of  both  raife  the  tide  12  feet. 
But  when  the  moon  is  in  her  quar- 
ters, the  attraction  of  one  of  tliefe 
bodies  raifes  the  water,  while  that 
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of  t ne  other  deprefles  it ; and  there- 
fore, the  fmaller  force  of  the  fun' 
mult  be  iabtraCted  from  that  of  the 
moon,  confequently  the  rides  will 
be  no  more,  than  8 feet.  The  hi«h- 

O 

eft  tides  are  called  fpring-tides,  and 
tlie  loweft  are  denominated  neap- 
tides. 

James.  I underhand  that  in  the 
former  cafe,  the  height  to  which  the 
tides  are  raifed,  muft  be  calculated  by 
adding  together  the  attractions'  of  the 
fun  and  moon  ; and  in  the  latter,  it 
muft  be  eftimated  by  the  difference 
'Of  theft  attractions. 

Tutor.  You  are  right.  When 
the  fun  and  moon  are  both  vertical 
to  the  equator  of  the  earth,  and 
the  moon  at  her  lealt  diltance  from 
the  earth,  then  the  tides  are  high  eft. 

Charles.  Do  the  higheft  tides 
happen  at  the  Equinoxes? 
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Tutor.  Strictly  fpeaking,  thefe 
tides,  do  not  happen  till  fome  lit- 
tle time  after,  becaufe  in  this,  as 
in  other  cafes,  the  actions  do  not 
produce  the  greateft  effect  when 
they  are  at  the  ftrongeil,  but  fome 
time  afterwards : thus  the  hotteft 
part  of  the  day  is  not  when  the  fun 
is  on  the  meridian,  but  between  two 
and  four  o'clock  in  the  after- 
noon — Another  circumftance  muff 

s 

be  taken  into  eonfuleration : the 
fun  being  nearer  to  the  earth  in 
winter,  than  in  fummer,  it  is  of 
courfe  nearer  to  it  in  February 
and  October,  than  in  March  and 
September  ; and  therefore  all  thefe 
things  being  put  together,  it  will  be 
found  that  the  greateft  tides  hap- 
pen a little  before  the  vernal,  and 
fome  time  after  the  autumnal  Equi- 
noxes. 
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CONVERSATION  XVII. 


Of  the  II arc  eft  Moon. 

• *• 

TUI  OR,  From  what  we  laid 

yefterday  you  will  eafily  underhand 
the  reafon  why  the  moon  rifes  about 
three  quarters  of  an  hour  later  every 
day  than  on  the  one  preceding-. 

Charles.  It  is  owing  to  the  daily 
progrefs  which  the  moon  is  making 
in  her  orbit,  on  which  account  any 
meridian  on  the  earth  muft  make 
more  than  one  complete  rotation  on 
its  axis,  before  it  comes  again  into 
the  fame  fituation  with  reljpeft  to 
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the  moon  that  it  had  before.  And 
you  told  us  that  this  occalioned  a 
difference  of  about  50  minutes. 

Tutor.  ‘At  the  equator  this  is  ge- 
nerally the  difference  of  time  between 
the  rifing  of  the  moon  on  one  dav 
and  the  preceding.  Hut  in  places 
of  conliderable  latitude,  as  that  in 
which  we  live,  there  is  a remarkable 
difference  about  the  time  of  harveft, 
when  at  the  feafon  of  fall  moon  flic 
riles  for  leveral  nights  together  only 
about  20  minutes  later  on  the  one 
day  than  on  that  immediately  pre- 
ceding. 13y  thus  fucceeding  the  fun 
before  the  twilight  is  ended,  the  moon 
prolongs  the  light  to  the  great  bene- 
fit of  thole  who  are  engaged  in  ga- 
thering in  the  fruits  of  the  earth  ; 
and  hence  the  full  moon  at  this  lea- 
ion  is  called  the  harveft  moon.  It 
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5vS  believed  that  this  was  obferved  bv 

%/ 

perfons  engaged  in  agriculture,  at  a 
much  earlier  period  than  it  was  no- 
ticed by  aftronomers ; the  former 
aferibed  it  to  the  goodnefs  of  the 
Deity,  not  doubting  but  that  he  had 
lb  ordered  it  on  purpoie  for  their 
advantage. 

James.  . But  t?ie  people  at  the 
equator  do  not  enjoy  this  benefit. 

Tutor.  Nor  is  it  neeelfary  that 
they  fhould,  for  in  thofe  parts  of  the 
earth,  the  fealons  vary  but  little, 
and  the  weather  changes  butfeldom, 
and  at  ft  a ted  times  ; to  therh,  then, 
moon-light  is  not  wanting1  for  <>a- 
thcring  the  fruits  of  the  earth. 

Charles.  Can  you  explain  how  it 
happens,  that  the  moon  at  this-fea- 
fon  of  the  year  riles  one  day  after 

^ 1/ 

YOL.  II.  R 
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another  with  fo  fmall  a difference  of 

time? 

Tutor.  With  the  afiiftance  of  a 
globe  I could  at  once  clear  the  mat- 
ter up.  But  I will  endeavour  to  give 
you  a general  idea  of  the  fubjeft  with- 
out that  inftrument.  That  the  moon 

i 

lofes  more  time  in  her  rifin'gs  when 
die  is  in  one  part  of  her  orbit,  and  lefs 
in  another,  is  occafioned  by  the 
moon’s  orbit  lying  fome  times  more 
oblique  to  the  horizon  than  atother3. 

James.  But  the  moon’s  path  is 
not  marked  on  the  globe. 

Tutor.  It  is  not;  you  may,  how- 
ever, confider  it,  without  much  error, 
as  coinciding  with  the  ecliptic.  And 
in  the  latitude  of  London,  as  much 
of  the  ecliptic  rifes  about  Pi  fees  and 
Aries  in  two  hours  as  the  moon  goes 
through  in  fix  days ; therefore  while 
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the  moon  is  in  thefe  fig-ns  fhe  differs 
but  two  hours  in  riling  for  fix  days 
together;  that  is  one  day  with  an- 
other about  20  minutes  later  every 
day  than  on  the  preceding  : 

There  is  a time  jwell  known  to  hu (band men, 

In  which  the  moon  for  many  nights,  in  aid 
Of  their  autumnal  labours,  cheers  the  dufle 
With  her  full  luftre,  fcon  as  Phoebus  hides 
Beneath  the  horizon  his  propitious  ray  : 

For  as  the  an?lc  of  the  line  which  bounds 
The  moon's  career  from  the  Equator,  flows 
Greater  or  lefs,  the  erb  of  Cynthia  shines 
With  lefs  or  more  of  difference  in  rife  : 
in  Aries  lead  this  angle  : thence  the  moon 
Rifes  with  fmalleft  variance  of  times. 

When  in  this  fign  flie  dwells ; and  mod  protra&s 
Her  fojouruing  in  our  enlighten'd  ikies. 

Lofft. 

Charles.  Is  the  moon  in  thole 
fgus  at  the  time  of  harveft? 

Tutor.  In  Auguft  and  September 

r 2 
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you  know  that  the  fun  appears  th 
Virgo  and  Libra,  and  of  com  ic  when 
the  moon  is  Jull  iht  limit  be  in  the 
oppofite  figns,  viz.  Pifcqs  and  Arles. 

James.  Are  there  then  two  full 
moons  that  afford  us  this  advantage? 

Tutor.  There  are,  the  one  when 
the  fun  is  in  Virgo,  which  is  called 
the  harveit  moon ; the  other  when  the 

Ms 

fun  is. in  Libra,  and  which  being  Ids 
ad  van  taa-eous,  is  called  the  hunters 

moon.  You  ought  to  be  told  that 

* ■»  ‘ 

when  the  moon  is  in  Virgo  and  Lir 
bra,  then  ihe  rifes  with  the  greateft 
difference  of  time,  viz.  an  hour  and 
quarter  later  every  day  than  the 
former.  • 

Charles.  Will  you  explain,  Sir, 
how  it  is  that  the  people,  at  the 
equator  have  no  harveft  moon?.. 

Tatar.  At  the  equator,  the  north 
and  fouth  poles  lie  in  the  horizon,  and 
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therefore  the  ecliptic  makes  the  fame 
angle  fouthward  with  the  horizon 
when  Aries  rifes,  as  it  does  northward 
when  Libra  rifes  ; but  as  the  harvefl 
moon  depends  upon  the  different 
angles  at  which  different  parts  of  the 
ecliptic  rifes,  it  is  evident  there  can 
be  no  harvelt  moon  at  the  equator. 

The  farther  any  place  is  from  the 
equator,  if  it  be  not  beyond  the  polar 
circles,  the  angle  which  the  ecliptic 
makes  with  the  horizon,  when  PifccS 
and  Aries  rife,  gradually  dim  ini  dies, 
and  therefore  when  the  moon  is  in 
tliefe  figns  fhe  rifes  with  a nearly  pro- 
portionable difference  later  every  day 
than  on  the  former,  and  this  is  more 
remarkable  about  the  time  of  full 
moon. 

James,  Why  have  you  excepted 
r 5 
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the  fyaee  on  the  globe  beyond  the 
polar  circles  ? 

Tutor.  At  .the  polar  circles,  when 
the  lun  touches  the  fummer  tropic  he 
continues  24  hours  above  the  horizon; 
and  (2-i  hours  below  it  when  lie  touclies. 
the  winter  tropic.  For  the  fame  rea- 
fon  the. full  moon  neither  riles  in  the 
fummer,  when  ihe  is  not  wanted  ; nor 

lets  in  the  winter  when  her  prefence 

• • 

is  lo  necelfary.  Thefe  are  the  only  two 
full  moons  which  happen  about  the 
tropics;  for  all  the  others  rife  and  let. 
In  iu miner  the  full  moons  are  low, 
and  their  ftay  above  the  horizon  ihort: 
in  winter  they  are  high,  and  ftay 
long  above  the  horizon.  A wonder- 


ful (fifplay  this  of  the  divine  wifdom 
and  goodnefs,  in  apportioning  the 
quantity  of  light  fit i table  to  the  va- 


rious necefliiies  of  the  inhabitants  of 
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the  earth,  according  to  their  different 
fituations. 

Charles.  At  the  poles,  the  matter 
is  I ihppofe  Hill  different. 

Tutor.  There  one  half  of  the 
ecliptic  never  lets  and  the  other  half 
never  rifes;  confequently  the  fun  con- 
tinues one  half  year  above  the  hori- 
zon, and  the  other  half  below  it.  The 
full  moon  being  always  oppofite  to 
the  fun  can  never  be  feen  to  the  in- 
habitants of  the  poles,  while  the  fun 
is  above  the  horizon.  But  all  the 
time  that  the  fun  is  below  the  hori- 
zon,  the  full  moons  never  fet.  Con- 
fequently to  them  the  full  moon  is 
never  vifible  in  their  fummer;  and  in 
their  winter  they  have  her  always  her 
fore  and  after  the  full,  ffiining  for  14 
of  our  days  and  nights  without  inter- 
miffiou.  And  when  the  fun  is  de~ 
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preffed  the  loweft  under  the  horizon, 
then  the  moon  afcends  with  her 
hisrheft  altitude. 

James.  This  indeed  exhibits  in  z 
high  degree  the  attention  of  Provi- 
dence to  all  his  creatures.  But  if  I 
underhand  you,  the  inhabitants  of 
the  poles  have  in  their  winter  a fort- 
night’s light  and  darknefs  by  turns. 

Tutor.  This  would  be  the  cafe 
for  the  whole  fix  months  that  the  fufc 
is  below  the  horizon,  if  there  were  no 
refra&ion*;  and  no  fubftitute  for  the 
light  of  the  moon.  But  by  the  at- 
mofphere’s  refraCting  the  fun’s  rays, 
he  becomes  vifible  a fortnight  fooner, 
and  continues  a fortnight  longer  in 
fight  than  he  would  otherwife  do 

* The  fubjeft  of  rcfra&ion  will  be  very  par- 
ticularly explained  when  we  come  to  Optics, 

9 
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were  there  no  luch  property  belong- 
ing to  the  atmofphere.  Ancl  in  thole 
parts  ol  the  winter,  when  it  would 
oe  absolutely  dark  in  the  abfence  of 
the  moon,  the  brilliancy  of  the  Au- 
rora Borealis , is  probably  fo  great 

as  to  afford  a very  comfortable  de- 

• * ' 

gree  of  light.  Mr.  liearne  in  his 
travels  near  the  polar  circle,  lias  this 
remark 'in  his  journal;  “ Decem- 
ber <24.  The  days  were  fo  ihort, 
that  the  fun  only  took  a circuit  of 
a few  points  of  the  compafs  above  the 
horizon,  arid  did  not  at  its  greateft 
altitude  rife  half  way  up  the  trees. 
The  brilliancy  of  the  Aurora  Borealis, 
however,  and  of  the  ftars,  even 
without  the  abidance  of  the  moon, 
made  amends  for  this  deficiency, 
for  it  was  frequently  fo  light  all 
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hight,  that  I could  fee  to  read  a 
frnall  print.  ” 

Thefe  advantages  are  poetically 
defcribcd  by  our  Thomfon  : 

By  dancing  meteors  then,  that  ceafelcfs  {hake 
A waving  blaze  refra&ed  o’er  the  heavens. 

And  vi\  id  moons,  and  ftars  that  keener  play 
With  double  luftre  from  the  gloffy  wafte ; 

Ev’n  in  the  depth  of  Polar  Night,  they  find 
A wondrous  day  : enough  to  light  the  chafe. 
Or  guide  their  daring  ileps  to  Finland-fairs. 

Winter,  1.  S59, 
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CONVERSATION  XVIII. 


Of  Mercury. 

TUTOR.  Having  fully  defcribed 
the  earth  and  the  moon,  the  former 
a primary  planet,  and  the  latter  its 
attendant  fateilite,  or  fecondary  pla- 
net, we  ihall  next  confider  the  other 
planets  in  their  order,  with  which, 
however,  we  are  lefs  interefted. 

Mercury,  you  recollect,  is  the 
planet  neareft  the  fun  ; and  Venus 
is  the  fecond  in  order.  Thefe  are 
called  inferior  planets. 

Charles.  Why  are  they  thus  de- 
nominated ? 
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Tutor.  Becaufc  they  both  revolve 
in  orbits  which  are  included  within 
that  of  the  earth;  thus  (Plate  1. 
jTjo-.  2.)  Mercury  makes  his  annual 
journey  round  the  fun  in  the  orbit  a; 
Venus  in  b,  and  the  earth,  farther 
from  that  luminary  than  either  of 
them,  makes  his  circuit  in  t. 

James.  How  is  this  known? 

Tutor.  By  obfervation : for  by 
attentively  watching  the  progrefs  of 
thefe  bodies,  it  is  found  that  they 
are  continually  changing  their  places 
am  one;  the  fixed  ftars,  and  that  they 
are  never  feen  in  oppofition  to  the 
fun,  that  is,  they  are  never  feen  m 
the'weftern  fide  of  the  heavens  in  the 
morning  when  he  appears  in  the  e;aft ; 
nor  in  the  ealtern  part  of  the  heavens 
in  the  evening  when  the  fun  appears 
in  the  weft,  ' * * 3 
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Charles.  Then  they  may  be  con- 
fide  red  as  attendants  upon  the  fun  ? 

Tutor.  I hey  may  : . Mercury  is 
never  feen  from  the  earth  at  a greater 
diftance  from  the  fun  than  about  28 
degrees,  or  about  as  far  as  the  moon 
appears  to  be  from  the  fun  on  the 
fecond  day  after  its  change;  hence 
it  is  that  we  lb  feldoni  fee  him ; and 
when  we  do,  it  is  forfolhort  a time, 
and  always  in  twilight,  thatfulhcient 
obfervations  have  not  been  made  to 
afcertain  whether  he  lias  a diurnal 
motion  on  its  axis.  . 

James.  Would  you  then  conclude 
that  he  has  fueli  a motion  ? 

Tutor.  I think  we  ought;,  be- 
caufe  it  is  known  to  exift  in  all  thofe 
planets  upon  which  obfervations  of 
jutficient  extent  have  been  made,  and 
therefore  we  may  finely  infer,  with- 

VOL.  II.  g 
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out  much  chance  of  error,  that  it  be- 
longs alfo  to  Mercury,  and  the  Her- 
fchel  planet,  the  former  from  its  vi- 
cinity to  the  fun,  and  the  latter  from 
its  great  diftance  from  that  body, 
having  at  prefent  eluded  the  invefti* 
gation  of  the  moft  indefatigable  aftro- 
nomers. 

Charles.  At  what  diftance  is  IVIer- 
cury  from  the  fun  ? 

Tutor.  He  revolves  round  that 
body  at  about  37  millions  of  miles 
diftance,  in  88  days  nearly ; and  there- 
fore you  can  now  tell  me  how  many 

miles  he  travels  in  an  hour. 

\ 

James.  1 can,  for  fuppofing  his 
orbit  circular,  I mud  multiply  the 
37  millions  by  6*,  which  will  give 
2SI2  millions  of  miles  for  the  length 
of  his  orbit ; this  I fhall  divide  by 

* icz  Vol,  II.  F.  8o. 
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88,  the  number  of  days  he  takes  in 
performing  his  journey,  and  the  quo- 
tient refulting  from  this,  mult  be  di- 
vided bv  24  for  the  number  of  hours 
in  a day ; and  by  thefe  operations, 
I find  that  Mercury  travels  at  the 
rate  of  more  than  105,000  miles  in 
an  hour. 

Charles.  How  large  is  Mercury  ? 

Tutor.  He  is  the  final  left  of  all 
the  planets.  His  diameter  is  fome- 
thing  more  than  3200  miles  in 
length. 

James.  His  fituation  being  fo 
much  nearer  to  the  fun  than  ours, 
he  muft  enjoy  a confiderably  greater 
fhare  of  its  heat  and  light. 

Tutor.  So  much  fo,  as  would  in- 
deed infallibly  burn  every  thing  be- 
longing to  the  earth  to  atoms,  were 
fhe  fimiiarly  fituated.  The  heat  of 
s 2 
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the  fan  at  Mercury,  mud  be  7 times 
greater  than  our  fumnier  heat : 

• Mercury  the  firft 

Near  bordering  on  the  day,  with  fpeedy  wheel 
Flies  fwifteft  on,  inflaming  where  he  comes 
With  jeven-foid  fplendor,  all  the  azure  road. 

mallet’s  excursion, 

Charles.  And  do  you  imagine, 
that  thus  circumftanced,  this  planet 
can  be  inhabited  ? 

Tutor.  Not  by  fuch  beings  ns  we 
are  : you  an$l  I could  not  Ions*  exift 
at  the  bottom  of  the  fea ; yet  the 
lea  is  the  habitation  of  millions  of  ^ 
living  creatures;  why  then  may  there 
not  be  inhabitants  in  Mercury,  fitted 
for  the  enjoyment  of  the  fituation 
which  that  planet  is  calculated  to 
afford  r II  there  be  not,  we  muft  be 
at  a lofs  to  know  why  fuch  a body 
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was  formed,  certainly  it  could  not 
be  intented  for  our  benefit,  for  it  is 
rarely  even  feen  by  us: 

Afo  for  what  end  the  heavenly  bodies  thine  ? 
Earth  for  whofe  ufe  ? Pride  anfwers,  “ ’Tis  for 
mine : 

funs  to  light  me  rife, 

j\ly  fcotftool  earth,  my  canopy  the  foies." 

Pope. 

Put  do  thefe  worlds  difplay  their  beams,  or  guide 
Their  orbs,  to  ferve  thy  ufe,  to  pleafe  thy  pride  ? 
Thyfelf  but  duft,  thy  ftature  but  a fpan, 

A moment  thy  duration  ; foolilh  man  I 
As  well  may  the  minuteft  emmet  fay. 

That  Caucafus  was  raifed  to  pave  his  way  : 

The  (hail,  that  Lebanon’s  extended  wood 
Was  defined  only  for  his  walk  and  food  : 

The  vileft  cockle,  gaping  on  the  coaft 
That  rounds  the  ample  feas,  as  well  may  boaft. 
The  craggy  rock  proje&s  above  the  foy. 

That  he  in  fafety  at  its  foot  may  lie  ; 

And  the  whole  ocean’s  confluent  waters  fwcll. 
Only  to  quench  his  thirft,  or  move  and  blanch 
his  (hell. 

* 3 


Prior* 
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CONVERSATION  XIX, 

ft  . 


Of  Venus . 

TUTOR.  We  now  proceed  to 
Venus,  thefecond  planet  in  the  order 
of  the  folar  fyftem,  but  by  far  the 
moft  beautiful  of  them  all : 

) . — • « JMH 

Faireft  of  {tars,  lafl;  in  the  train  of  night. 

If  better  thou  belong  not  to  the  dawn, 

Sure  pledge  of  day,  that  crown’ll  the  fmiiing  . 

morn  • 

With  thy  bright  circlet,  praife  him  in  thy  fphere,  J 
While  day  arifes,  that  fweet  hour  of  prince. 

MiXTox. 

.. 

James.  How  far  is  Venus  from 
the  fun  ? 
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Tutor.  That  planet  is  68  millions 
of  miles  from  the  fun,  and  fhe 
fin  idles  her  journey  in  22-H  clays, 
confequently  the  niuft  travel  at  the 
rate  of  75,000  miles  in  an  hour. 

Charles.  \ enus  is  larger  than 
Mercury  I dare  fav. 

Tutor.  Yes,  die  is  nearly  as  lar<re 

. * O 

as  the  earth,  which  Ihe  refemblesalfo 
in  other  refpe&s,  her  diameter  being 
about  7700  miles  in  length,  and  die 
has  a rotation  about  her  axis  in  23 
hours  and  20  minutes.  The  quantity 
of  light  and  heat  which  die  enjoys 
from  the  fun,  mu  ft  be  double  that 
which  is  experienced  by  the  inha- 
bitants of  this  globe. 

James.  Is  there  alfo  a difference 
in  her  feafons,  as  there  is  here? 

Tutor.  Yes,  in  a much  more  con- 
dderable  degree.  The  axis  of  Venus 
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inclines  about  75  degrees,  but  that  of 
the  earth  inclines  only  23|  degrees, 
and  as  the  variety  of  the  feafons  in. 
every  planet  depends  on  the  degree  of 
the  inclination  of  its  axis,  it  is  evi- 
dent that  the  feafons  nmft  vary  more 
with  Venus  than  with  us. 

Charles.  Venus  appears  to  us 
larger  fometimes  than  at  others. 

Tutor.  She  does ; and  this,  with 
other  particulars,  I will  explain  by 
means  of  a figure.  Suppofe  s 
(Plate  in.  Fig.  17.)  to  be  the  fun, 
T the  earth  in  her  orbit,  and  a , b,  c , 
d,  e,  f Venus  in  hers : now  it  is 
evident,  that  when  Venus  is  at  a be- 
tween the  fun  and  earth,  die  would, 
if  vifible,  appear  much  larger  than 
when  fhe  is  at  d in  oppofition. 

James.  That  is  becaufe  fhe  is  fo 
much  nearer  in  the  former  cafe  than 
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in  the  hitter,  being-  in  the  fituation 
a but  27  millions  of  miles  from  the 

tmth  t,  but  at  d die  is  163  millions 
of  miles  off. 

lu lor.  Now  as  Venus  paiTes  from 

thl'ouSh  k c,  to  d,  flie  may  be  oI> 
fervecl  by  means  of  a good  telefcope, 
to  have  all  the  fame  phafes  as  the 
moon  has  in  palTing  from  new  to  full: 
therefore  when  die  is  at  d the  is  full, 
and  is  feen  among  the  fixed  liars  in 
the  beginning  of  Cancer  : during  her 
journey  from  d to  c fhe  proceeds  with 
a direct  motion  in  her  orbit,  and  at  e 
die  is  feen  in  Leo,  and  will  appear  to 
an  inhabitant' of  the  earth,  for  a few 
days  to  he Jiationciry,  not  Teeming  to 
change  her  place  among  the  fixed 
ftars,  for  die  is  coming  toward  the 
earth  in  a direct  line* : but  in  palling 
from  e to  J,  though  ftiil  with  a direct 


202 


ASTRONOMY. 


motion,  yet  to  a fpedtator  at  t,  her 
courfe  will  feem  to  be  back  again,  or 
retrograde , for  the  will  feem  to  have 
gone  back  from  z to  y ; her  path  will 
appear  retrograde  till  (lie  gets  to  c, 
when  {he  will  again  appear ftatlonary^ 
and  afterwards  from  c to  d,  and  from 
d to  e it  will  be  diredt  among  the 
fixed  ftars. 

Charles.  When  is  Venus  an  even- 
ing, and  when  a morning  ftar? 

Tutor . She  is  an  evening;  ftar  all 
the  while  the  appears  eaft  of  the  fun, 
and  a morning  ltar  while  {he  is  feen 
weft  of  him  : 

Next  Venus  to  the  'ivejl'ward  of  the  fun 
Full  orbed  her  face,  a golden  plain  of  light 
Circles  her  larger  round.  Fair  morning  ftar 
That  leads  on  dawning  day  to  yonder  world 
The  feat  of  Man. 
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When  fiie  is  atiz  fhe  will  be  invifible, 
her  dark  fide  being  towards  us,  unlefs  - 
die  be  exactly  in  the  node,  in  which 
cafe  die  will  pafs  over  the  fun's  face 
like  a little  black  fpot. 

James.  Is  that  called  the  tranfit 
of  Venus  ? 

Tutor.  It  is ; and  it  happens  twice 
only  in  about  1£0  years.  By  this 
phenomenon  aftrcnomers  have  been 
enabled  to  afeertain  with  great  accu- 
racy the  diftance  of  the  earth  from 
the  fun ; and  having  obtained  this, 
the  didances  of  the  other  planets  are 
ealily  found.  By  the  two  trail  fits 
which  happened  in  J?6l,  and  1769, 
it  was  clearly  demonftrated,  that  the 
mean  diftance  of  the  earth  from  the 
fun  was  between  95  and  96  millions 
of  miles. 

Charles.  How  do  you  find  the 
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diftances  of  the  other  planets  from 
the  fun,  by  knowing  that  of  the 
earth*  ? 

Tutor.  I will  endeavour  to_make 
this  plain  to  you.  Keples,  a great 
aftronomer,  difeovered  that  all  the 
planets  are  fuhjeft  to  one  general 
law,  which  is,  that  the  fquares  of  i 
their  periodical  times,  are  proportional  * 
to  the  cubes  of  their  diftances  from 


the  fun. 

James.  What  do  you  mean  by 
the  periodical  times  ? 

Tutor.  I mean  the  times  which 
the  planets  take  in  revolving  round 


* The  remainder  of  this  convcrfation  may  be 
omitted  by  thofe  young  perfons  who  are  not 
ready  in  arithmetical  operations.  The  author, 
however,  knows  from  experience,  that  children 
may,  at  a very  early  age,  be  brought  to  unde?- 
(land  thefe  higher  parts  of  arithmetic. 
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the  fun  ; thus  the  periodical  time  of 
the  earth  is  365  £ cHys ; that  of 
Venus  224 £ clays  ; that  of  Mercury 
88  clays. 

Charles  How  then  would  you 
find  the  diftance  of  Mercury  from 
the  fun? 

Tutor.  By  the  rule  of  three;  I 
would  fay  as  the  fquare  of  365  days 
(the  time  which  the  earth  takes  in 
revolving  about  the  lun)  is  to  the 
fquare  of  88  days,  (the  time  in  which 
Mercury  revolves  about  the  fun)  lb 
is  the  cube  of  95  millions  (the  dif- 
tance in  miles  of  the  earth  from  the 
fun)  to  a fourth  number. 

James  And  is  that  fourth  num- 
ber the  diftance  in  miles  of  Mercury 
from  the  fun  ? 

Tutor.  No  : you  mull  extract 
the  cube  root  of  that  number, 
vox,,  ii«  T 
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and  then  you  will  have  about  37 
millions  of  miles  for  the  anfwer, 
which  is  the  true  diftance  at  which 
Mercury  revolves  about  the  fun. 
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CONVERSATION  XX. 


Of  Mars. 

1 TTTOR.  Next  to  Venus  is  the 
earth  and  her  fatellite  the  moon,  but 
of  thefe  fufficient  notice  has  already 
been  taken,  and  therefore  we  (hail 
pafs  on  to  the»planet  Mars,  which  is 
known  in  the  heavens  by  a dufky 
red  appearance.  Mars  together  with 
Jupiter,  Saturn  and  the  Hcrfchel  are 
called  fuperior  planets,  becaufe  the 
orbit  of  the  earth  is  enclofed  by  their 
orbits. 

Charles.  At  what  di (lance  is  Mars 
from  the  fun? 

t 2 
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Tutor.  About  144  millions  of 
miles ; the  length  of  his  year  is  equal 
to  687  of  our  clays,  and  therefore 
he  travels  at  the  rate  of  more  than 
53  thoufand  miles  in  an  hour:  his 
diurnal  rotation  on  his  axis  is  per- 
formed  in  24  hours  and  39  minutes, 
which  makes  his  figure  that  of  an 
oblate  fpheroid. 

James.  How  is  the  diurnal  mo- 
tion of  this  planet  difcovered  ? 

Tutor.  By  means  of  a very  large 
fpot  which  is  feen  dlftin&ly  on  his 
face,  when  he  is  in  that  part  of  his 
orbit  which  is  oppofite  to  the  fun 
and  earth. 

Charles.  Is  Mars  as  large  as  the 
earth  ? 

tutor . No:  his  diameter  is  only 
4189  miles  in  length,  which  is  but 
little  more  than  half  the  length  of 
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the  earth’s  diameter.  And  owing  to 
his  diftance  from  the  fun  he  will  not 
enjoy  one  half  of  the  light  and  heat 
which  we  enjoy. 

James.  And  yet,  I believe,  he 
has  not  the  benefit  of  a moon. 

Tutor.  No  moon  has  ever  been 
difeovered  belonging  either  to  Mer- 
cury, Venus,  or  Mars. 

Charles . Do  the  fuperior  planets 
exhibit  fimilar  appearances  of  diredt 
and  retrograde  motion  to  thofe  of 
the  inferior  planets  ? 

Tutor.  They  do  : luppofe  s (Plate 
iv.  Fig.  18.)  the  fun;  a , b,  d,  f gy 
h the  earth  in  different  parts  of  its 
orbit,  and  m Mars  in  his  orbit.  • 
When  the  earth  is  at  a,  Mars  will 
appear  among  the  fixed  ft  a rs  at  .r ; 
when  by  its  annual  motion  the  earth 
has  arrived  at  b,  cl  and/,  rcfpectivcly, 
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the  planet  Mars  will  appear  in  the 
heavens  at  y,  z,  and  w:  when  the 
earth  has  advanced  to  g,  Mars  will 
appear  ftationary  at  o : to  the  earth 
in -its  journey  from  g to  h the  planet 
will  feem  to  go  backwards  or  retro- 
grade  in  the  heavens  from  o to  z,  and 
this  retrograde  motion  will  be  appa- 
rent till  the  earth  has  arrived  at  a, 
when  the  planet  will  again  appear 
ftationary. 

James.  I perceive  that  Mars  is 
retrograde  when  in  oppofition,  and 
the  fame  is  I fuppofe  applicable  to  - 
the  other  fuperior  planets,  but  the 
retrograde  motion  of  Mercury  and 
Venus  is  when  thofe  planets  are 
in  conjunction. 

Tutor.  You  are  right:  and  you 
fee  the  reafon,  I dare  fay,  why  the 
fuperior  planets  may  be  in  the  weft 
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in  the  morning  when  the  fun  rifes 
in  the  eaft,  and  the  reverfe. 

Charles.  For  when  tlfe  earth  is 
at  d , Mars  may  be  at  at  n,  in  which 
cafe  the  earth  is  between  the  fan  and 
the  planet : I obferve  alfo  that  the 
planet  Mars,  and  confequently  the 
other  fuperior  planets,  are  much 
nearer  the  earth  at  one  time  than  at 
others. 

Tutor.  The  difference  with  ref- 
pe&to  Mars  is  no  lefs  than  190  mil- 
lion of  miles,  the  whole  length  of 
the  orbit  of  the  earth.  This  will  be 
a proper  time  to  explain  what  is 
meant  by  the  Heliocentric  longitude 
of  the  planets  referred  to  in  the 
Ephemeris. 

James.  Yes,  I remember  you 
promilcd  to  explain  this  when  you 
came  to  fpeak  of  the  planets ; I do 
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not  know  the  meaning  of  the  word 
heliocentric. 

Tutor . It  is  a term  ufed  to  ex- 
prefs  the  place  of  any  heavenly  body 
as  feen  from  the  fun  ; whereas  the 
geocentric  place  of  a planet,  is  the 
pofition  which  it  has  when  feen  from 
the  earth. 

Charles.  Will  you  ihew  us  by  a 
figure  in  what  this  difference  con- 
flits  ? 

Tutor.  I will : let  s (Plate  iv. 
Fig.  1 9-)  reprefent  the  place  of  the 
fun,  b Venus  in  its  orbit,  a the  earth 
in  hers,  and  c Mars  in  his  orbit,  and 
the  outennoft  circle  will  reprefent  the 
fphere  of  fixed  ftars.  Now  to  a 
fpe&ator  on  the  earth  a,  Venus  will 
appear  among  the  fixed  ftars  in  the 
beginning  of  Scorpio,  but  as  viewed 
from  the  fun,  fixe  will  be  feen  beyond 
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the  middle  of  Leo.  Therefore  the 
Geocentric  longitude  of  Venus  will  - 
be  in  Scorpio,  but  her  Heliocentric 
longitude  will  be  in  Leo.  Again, 
to  a fpe&ator  at  a , the  Planet  Mars 
at  c,  will  appear  among  the  fixed 
ftars  towards  the  end  of  the  fign  of 
Pifces  i but  as  viewed  from  the  fun 
he  will  be  feen  at  the  beginning 
of  the  fign  Aries  : confequently  the 
geocentric  longitude  of  Mars  is  in 
Pifces ; but  his  heliocentric  longi- 
tude  is  in  Aries. 


r 
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CONVERSATION  XXI. 


Of  Jupiter. 

TUTOR.  We  now  come  to  Ju- 
piter, the  largefl  of  all  the  planets, 
which  is  eafily  known  by  his  peculiar 
magnitude  and  brilliancy. 

Charles . Is  Jupiter  larger  than 

A * 

Venus  ? 

Tutor.  Though  he  does  not  ap- 
pear fo  large,  yet  the  magnitude 
of  Venus  bears  but  a very  fmall 
proportion  to  that  of  Jupiter, 
whole  diameter  is  go, 000  miles 
in  length,  confequentiy  hk  bulk 
will  exceed  the  bulk  of  Venus  1500 
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times : his  diftance  from  the  fun  is 

eftimated  at  more  than  490  million 
of  miles. 

James.  Then  he  is  jive  times 
farther  from  the  fun,  than  the 
earth,  and  confequently,  as  light 
and  heat  diminifh  in  the  fame  propor- 
tion as  the  fquares  of  the  diltances, 
ti 0111  the  illuminating  hody,  mcreale 
the  inhabitants  of  Jupiter  enjoy 
but  a twenty-fifth  part  of  the  light 
and  heat  of  the  fun  that  we  en- 
joy- 

Tutor.  Another  thing  remark- 
able in  this  planet  is,  that  it  re- 
volves on  its  axis,  which  is  perpen- 
dicular to  his  orbit,  in  10  hours, 
and  in  confequence  of  this  fwift  di- 
urnal rotation,  his  equatorial  di- 
ameter is  6’000  miles  greater  than 
his  polar  diameter. 
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Charles.  Since  then  a variety  in 
the  feafons  of  a planet  depends  upon 
the  inclination  of  the  axis  to  its  or- 
bit, and  fmce  the  a,xis  of  Jupiter 
has  no  inclination,  there  can  be  no 
difference  in  his  feafons,  nor  any 
in  the  length  of  his  days  and 
nights. 

Tutor.  You  are  right,  his  days 
and  nights  are  always  five  hours 
each  in  length ; and  at  his  equator, 
and  its  neighbourhood,  there  is  per- 
petual fu  miner ; and  an  everlafting 
winter  in  the  polar  regions. 

James.  What  is  the  length  of 
his  years? 

Tutor.  It  is  equal  to  nearly  12 
of  . ours,  for  he  takes  1 1 years,  314j 
days,  and  10  hours,  to  make  a i-evo* 
lution  round  the  fun,  confequenlly 
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he  travels  at  the  rate  of  more  than 
2S,000  miles  in  an  hour. 

This  noble  planet  is  accompanied 
with  four  latellites  which  revolve 
about  him  at  different  diftances,  and 
in  different  periodical  times,  the 
frjl  in  about  1 day  and  J8  hours: 
the  fecond  in  3 days,  13  hours:  the 
third  in  7 days,  3 hours : and  the 
fourth  in  lb  days  and  lb  hours. 

Beyond  the  fphere  of  Mars  in  diftant  Ikies, 
Revolves  the  mighty  magnitude  of  Jove 
With  kingly  Rate,  the  rival  cf  the  fun, 

About  him  round  four  planetary  moon; 

On  earth  with  wonder  all  night  long  beheld, 
Moon  above  moon,  his  fair  attendants  dance. 

mallet’s  EXCURSION. 

Charles.  And  are  thefe  fatel- 
lites,  like  our  moon,  fubjebt  to  be 

eclipfed  ? 
vol.  ir. 
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Tutor.  They  are  ; anti  thefe 
eel i pies  are  of  confjderabje  import- 
ance to  ailrononiers,  in  affaertainiqg 
frith  accuracy  the  longitude  of  dif- 
ferent places  on  the  earth. 

By  means  of  the  eel i pies  of  Ju- 
piter's fatellifccs,  a method  lias  been 
glib  obtained  of  demon ftrating  that 
the  motion  of  light  is  progre/fivc , 
and  not  injtantaucous  as  was  once 
fuppofed.  Hence  it  is  found,  that 
the  velocity  of  light  is  nearly  1 1,000 
times  greater  than  the  velocity  of 
fhe  earth  in  jts  .orbit,  and  more 
than  a million  of  times  greater 
than  that  of  a hall  ifiiiing  from  a 
cannon.  This  difeovery  is  ^alluded 
to  by  the  laft  mentioned  poet : 
fpeaking  of  an  obferver  of  the 
ecbpfes  and  Jupiter’s  fatcllites,  he 

kp, 
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$v  thcfc  ohfcrv’d,  the  rapid progre/s  finch 
Of  light  itfclf : how  fwift  the  headlong  ray 
Shoots  from  the  fun’s  height  through  un- 
bounded fpace. 

At  orice  ctslighr’ning  air,  and  earthy  and 
hedven. 

Rays  of  ligrht  come  from  the  fun  to 
the  earth  in  8 minutes,  that  is  at  the 
.fate  of  l c2  millions  of  miles  in  a mi- 
nute nearly. 

V 
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CONVERSATION  XXlI. 


Of  Saturn. 

TUTOR.  We  are  now  arrived  at 
Saturn  in  our  defcriptions,  which 
tiil  within  thefe  twenty  years  was 
efteemed  the  moft  remote  planet  of 
the  folar  fyftem. 

Charles.  How  is  he  diftinguiflied 
in  the  heavens  ? 

Tutor.  He  fhines  with  a pale 
dead  light  very  unlike  the  brilliant , 
Jupiter,  yet  his  magnitude  fee  ms  to  ' 
vie  with  that  of  Jupiter  himfelf. 
The  diameter  of  Saturn  is  nearly  SO 
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thoilfand  miles  in  length  : his  dis- 
tance fVt> m the  fun  is  mote  than  000 
million  of  miles,  and  he  performs  his 
Journey  round  that  luminary  in  a 
little  lefs  than  30  of  our  years,  con- 
fequently  he  muft  travel  at  a rate 
not  much  ihort  of  21,000  miles  an 
hour. 

Janies . His  great  diftance  from 
the  fun  muft  render  an  abode  on 
Saturli  extremely  cold  and  dark  too 
in  companion  of  what  we  experience 
here. 

Tutor.  Ills  diftance  from  the  fun 
being  between  9 and  10  times 
greater  than  that  of  tile  earth,  he 
muft  enjoy  about  90  times  Iefs  light 
and  heat ; it  has  nevertheless  been 
calculated  that  the  light  of  the  fun 
at  Saturn  is  300  times  greater  than 
what  we  enjoy  from  our  full  moon, 
v 3 
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Charles . The  day-light  at  Saturn, 
then,  cannot  be  very  contemptible : 
I ihould  hardly  have  thought  that 
the  light  of  the  fun  here  was  500 
times  greater  than  that  experienced 
from  a full  moon. 

Tutor . So  much  greater  is  oqr 
meridian  light  than  this,  that  during 
the  fun’s  abfence  behind  a cloud, 
when  the  light  is  much  lefs  ftrong 
than  when  we  behold  him  in  all  his 
glorious  fplendor,  it  is  reckoned  that 
our  day-light  is  90,000  times  greater 
than  the  light  of  the  moon  at  its 
fuU.  ^ _ " . 

James . But  Saturn  has  fevcral 
moons,  I believe  ? 

Tutor.  He  is  attended  by  /even 
fatellites  or  moons,  whofe  periodical 
times  differ  very  much  the  one 
ncareftto  him  performs  a revolution 
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round  the  primary  planet  in  22  hours 
and  a half ; and  that  which  is  moil 
remote  takes  79  days  and  7 hours 
for  his  monthly  journey : this  lali 
fatellite  is  known  to  turn  on  its  axis, 
and  in  its  rotation  is  fubjeft  to  the 
. fame  law  which  our  moon  obeys, 
that  is,  it  revolves  on  its  axis  in  the 
fame  time  in  which  it  revolves  about 
the  planet. 

Befides  the  feven  moons,  Saturn 
is  encompaffed  with  tw'o  broad  rings 
which  are  probably  of  confiderable 
importance  in  reflecting  the  light  of 
the  fun  to  that  planet;  the  breadth 
of  the  inner  ring  is  20,000  miles, 
that  of  the  outer  ring  7200  miles, 
and  the  vacant  fpace  between  the 
two  rings  is  £839  miles.  Thefe 
rings  give  Saturn  a very  different 
appearance  to  any  of  the  other  pla- 
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nets.  Plate  iv.  Fig.  20.  is  a re- 
prefentation  of  Saturn  as  feeti 
through  a good  telefcbpe.  On  the 
fuppofition  that  Saturn  was  the  mofl 
remote  planet  of  our  fyftem,  he  is 
thus  defcribed  by  Mallet  in  his  Ex^ 
curfion. 

Laft,  outmoft  Saturn  walks  his  frontier  round 
The  boundary  of  worlds  ; with  his  pale  moons. 
Faint  glimmering  through  the  gloom  which 
night,  has  thrown 

Deep-dyed  and  dead  o’er  this  chill  globe 
forlorn : 

An  endlefs  defart,  where  extreme  of  cold 
Eternal  fits,  as  in  his  native  feat. 

On  wintry  hills  of  never  thawing  ice, 

Such  Saturn’ i earth;  and  even  here  the  fight 
Amid  thefe  doleful  fcencs,  new  matter  finds 
Of  wonder  and  delight ! a mighty  ring! 

Charles.  Is  it  known  whether 
Saturn  turns  on  its  axis  ? 

9 
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Tutor.  According  to  Dr.  Herfchel 
it  has  a rotation  about  its  axis  in  12 
x hours  13|  minutes:  this  he  com- 
puted fiom  the  equatorial  diameter 
being  longer  than  the  polar  diameter 
in  the  proportion  of  1 1 to  10.  Dr. 
Herfchel  has  alfo  dilcovered  that  the 
ring,  juft  mentioned,  revolves  about 
the  planet  in  10  hours  and  a half.  • 
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CONVERSATION  XXIIL 


Of  the  llerfchel  Planet . 

- • 

TUTOR.  We  have  but  one  othcf 
planet  to  defer!  be,  that  is  the  Herf- 
chel. 

Jennet.  Was  it  di (covered  by  Dr. 
Herfchel  ? 

Tutor.  It  was,  on  the  13th  of 
March,  1781,  and  therefore  by  aftro- 
itomers  in  general  it  is  denominated 
the  Herfchel  planet : though  by  the 
Doctor  himfelf  it  was  named  the 
Georgium  Sidus,  or  Georgian  Star* 
in  honour  of  his  prefent  Majefty 
George  the  third,  who  has  for  many 
years  been  a liberal  patron  to  thi* 
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great  and  moll  indefatigable  aftro- 
nomer. 

Charles.  I do  not  think,  that  I 
have  ever  lecn  this  planet. 

Tutor.  Its  apparent  diameter  is 
too  fm all  to  be  difeerned  readily  by 
the  naked  eye,  but  it  may  be  eafily 
difeovered  in  a clear  night,  when  it 
is  above  the  horizon,  by  means  of  q, 
good  tclefcope,  its  fit  nation  being 
previouljy  known  from  the  Eplie- 
meris. 

James.  Is  it  owing  to  the  fmall- 

* 

nets  of  this  planet,  or  to  its  great 
diftance  from  the  fun  that  we  cannot 
fee  it  with  the  naked  eye? 

Tutor.  Both  thefe  caufes  are 

i 

combined:  in  comjmrifon  of  Jupiter 
and  Saturn  it  is  fmall,  his  diameter 
bciiur  Ids  than  35  thoufand  miie§*iu 
length ; and  his  diftance  from  the 
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fun  is  eftimated  at  more  than  1 800 
millions  of  miles  from  that  luminary, 
around  which,  however,  he  performs 
his  journey  in  82  of  our  years,  con- 
fequently  he  muft  travel  at  the  rate 
of  16,000  miles  an  hour. 

Charles.  But  if  this  planet  has 
been  difcovered  only  22  years,  how  is 
it  known  that  it  will  complete  its 
revolution  in  82  years. 

Tutor.  By  a long  feries  of  obfer- 
vations  it  was  found  to  move  with 
fuch  a velofity  as  would  carry  it 
round  the  heavens  in  that  period. 
Moreover  when  it  was  firft  difcovered, 
it  was  in  Gemini,  and  it  is  now  (Au- 
guft,  1803)  advanced  to  the  11°  of 
Libra,  more  than  a fourth  part  of  its 
journey, 

Jfimes.  How  many  moons  has 
the  Herfchel  Planet? 
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Tutor.  lie  is  attended  by  fix  fa- 
teliites  or  moons,  of  which,  the  one 
neareft  to  the  planet  performs  his  re- 
volution round  the  primary  in  5 
davs  and  25  hours,  but  that  which  is 
the  mod  remote  from  him  takes  107 
days  and  16  hours  for  his  journey. 

Charles.  Is  there  anv  idea  formed 

%/ 

as  to  the  light  and  heat  enjoyed  by 
this  planet? 

Tutor.  II is  diftance  from  the  fun 
is  19  times  greater  than  that  of  the 
earth,  conlequently  fmee  the  fquare 
of  19  is  3bl,  the  light  and  heat  ex- 
perienced by  the  inhabitants  of  that 
planet,  muft  be  36' 1 times  lei's  than 
we  derive  from  the  rays  of  the  fun. 

The  proportion  of  light  enjoyed  by 
the  Herfchel  has  been  eftimated  at 

1 * 

about  equal  to  the  effeft  of  248  of 
our  full  moons. 
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CONVERSATION  XXIV. 


Of  Comets. 

\ 

TirrOR . Befides  the  feven  pri- 

mary planets,  and  the  eighteen  fe- 
condary  ones  or  fatellites,  which  we 
have  been  deferibing,  there  are  other 
bodies  belonging  to  the  folar  fyftem 
called  comets,  to  which  Thomfon  in 
his  Summer  beautifully  alludes  : 

I 

Amid  the  radiant  orbs 

That  more  than  deck,  that  animate  the  (kv. 
The  life- infufmg  funs  of  other  worlds ; 

Lo  ! from  the  dread  immenfity  of  fpace 
Returning  with  accelerated  courfe 
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The  rufliing  comet  to  the  fun  defcends. 

And  as  he  finks  below  the  fhading  earth, 

With  aweful  train  projected  o’er  the  heavens^ 
The  £uiltv  nations  tremble. 

summer,  line  1701* 

Charles . Do  comets  refemblc  the 
planets  in  any  relpetts  ? 

Tutor.  Like  them  they  are  Tup- 

t 

pofed  to  revolve  about  the  fun  in 
elliptical  orbits,  and  to  defcribe  equal 
areas  in  equal  times ; but  they  do 
not  appear  to  be  adapted  for  the  ha- 
bitation of  animated  beings,  owing 
to  the  great  degrees  of  heat  and  cold 
to  which,  in  their  courfe,  they  mull 
be  fubje&ed. 

The  comet  feen  by  Sir  Ifaac  New- 
ton in  the  year  1680,  was  obferved 
to  approach  fo  near  the  fun,  that  its 
heat  was  eftimated  by  that  great 
x 2 
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man,  to  be  2000  times  greater  than 
that  of  red-hot  iron. 

James.  It  muft  have  been  a 
very  folid  body  to  have  endured 
fuch  a heat  without  being  entirely 
diffipated. 

Tutor.  So  indeed  it  fliould  feem: 
and  a body  thus  heated  muft  retain, 
its  heat  a long  time;  for  a red-hot 
giobe  of  iron,  of  a fingle  inch  in 
diameter,  expofed  to  the  open  air, 
will  fcarcely  lofe  all  its  heat  in  an 
hour ; and  it  is  faid,  that  a globe  of 
red-hot  iron  as  large  as  our  earth, 
would  fcarcely  cool  in  50,000  years. 
See  Enfield’s  Inftitutes  of  Nat.  Phil, 
p.  29b.  2d.  edit. 

Charles.  Are  the  periodical  times 
of  the  comets  known  ? 

Tutor.  Not  with  any  degree  of 
certainty ; it  was  fuppofed  that  the 
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periods  of  three  of  them  had  been 
diltin&ly  ascertained.  The  jirft  of 
thefe  appeared  in  the  years  1531, 
1607 , and  1682,  and  it  was  expected 
to  return  every  75th  year ; and  one, 
which  was  conjectured  to  be  the 
fame,  was  feeu  by  Dr.  Ilalley  in 
1758. 

The  fecond  of  them  appeared  in 
1532,  and  1661,  and  it  was  expected 
that  it  would  again  make  its  ap- 
pearance in  1789,  but  in  this,  the 
aftronomers  of  the  prefent  day  have 
been  difappointed. 

The  third  was  that  which  ap- 
peared 1680,  and  its  period  being 
eftimated  at  575  years  cannot,  upon 
that  fuppofition,  return  until  the 
year  2255.  This  laft  comet  at  its 
greateft  diftance  is  eleven  thoufand 
two  hundred  million  of  miles  from 
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the  fun,  and  its  leaji  diftance  from  the 
fun’s  center  was  but  four  hundred  and 
ninety  tlioufand  miles;  in  this  part  of 
its  orbit  it  travelled  at  the  rate  of 
880,000  tlioufand  miles  in  an  hour. 

James.  Do  all  bodies  move  fafter 
or  flower  in  proportion  as  they  are 
nearer  to,  or  more  diftant  from  their 
center  of  motion? 

Tutor.  They  do,  for  if  you  look 
back  upon  the  laft  fix  or  feven  lec- 
tures, you  will  fee  that  the  Herfchel, 
which  is  the  moft  remote  planet  in 
the  folar  fyftem,  travels  at  the  rate 
of  l6',000  miles  an  hour;  Saturn 
the  next  nearer  in  the  order  21,000 
miles;  Jupiter  28,000  miles;  Mars 
53,00.0  miles;  the  earth  65,000 
miles;  Venus  75., 000  miles;  and 
Mercury  at  the  rate  of  1 05,000  miles 
in  an  hour.  But  here  we  come  to  a 
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comet  wliofe  pr  ogre  {five  motion  in 
that  part  of  its  orbit  which  is  neareft 
to  the  fun,  is  more  than  equal  to  eight 
times  the  velocity  of  Mercury. 

Charles.  Were  not  comets  for- 
merly dreaded,  as  awful  prodigies  in- 
tended to  alarm  the  world  ? 

Tutor.  Comets  are  frequently  ac- 
companied with  a luminous  train 
called  the  tail,  which  is  fuppofed  to 
be  nothing  more  than  fmoke  rifing 
from  the  body  in  a line  oppofite  to 
the  fun,  but  which,  to  uninformed 
people,  has  been  a fource  of  terror 
and  difmay,  and  to  this  opinion  many 
of  our  poets  have  alluded, 

— Where  the  train 

Of  comets  wander  in  their  eccentric  ways 
With  infinite  excurfion  thro’  th’  immenfe 
Of  ether,  traverfing  from  fley  to  iky 
Ten  thoufand  regions,  in  their  winding  road 
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Whofe  length  to  trace  imagination  fails ; 

Various  their  paths 

While  diftant  orbs  with  wonder  and  amaze 
Mark  their  approach,  and  night  by  night 
alarm’d 

Their  dreaded  progrefs  watch,  as  of  a foe 
Whofe  march  is  ever  fatal,  in  whofe  train 
Famine  and  war,  and  defelating  plague, 

Each  on  his  pale  horfe  rides,  the  minifters 
Of  angry  heaven  to  fcourge  offending  worlds  f 

MALLET’S  EXCURSION, 
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Of  the  Sun„ 

TUTOR.  Having  given  you  a 
particular  defeription  of  the  planets 
which  revolve  about  the  fun,  and  alfo 
of  the  fatellites  which  travel  round 
the  primary  planets  as  central  bodies 
while  they  are  carried  at  the  fame 
time  with  thefe  bodies  round  the  fun, 
we  lhall  conclude  our  account  ot  the 
folar  lyftem  by  taking  fome  notice  of 
the  fun  himfelf, 

Informer  of  the  planetary  train. 

Without  whofe  quick’ning  glance  their  Cum. 
brous  orbs 
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Were  brute  unlovely  inafs  inert  and  dead, 

And  not,  as;  now,  the  green  abodes  of  lite. 

Thomson’s  autumn,  line  1086. 

James.  You  told  us  a few  days 
asro  that  the  fun  has  a rotation,  ou 
its  axis,  how  is  that  known? 

Tutor.  By  the  fpots  bn  his  furface 
it  is  known  that  he  completes  a re- 
volution from  weft  to  call  on  his  axis 
in  about  25  days,  two  days  lefs  than 
his  apparent  revolution,  in  confe- 
quence  of  the  earth’s  motion  in  her 
orbit,  in  the  fame  direction.  . 

Ciiarles.  Is  the  figure  of  the  fun 
globular  ? 

Tutor.  No;  the  motion  about  its 
axis  renders  it  fpheroidical,  having  its 
diameter  at  the  equator  longer  than 
that  which  paifes  through  the  poles. 

The  fun’s  diameter  is  equal  to  100 
diameters  of  the  earth,  and  therefore 
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his  bulk  lmift  be  a million  of  times 
greater  than  that  of  the  earth,  but 
the  dcnfity  of  the  matter  of  which  it 
is  compofed,  is  four  times  Ids  than 
the  denfity  of  our  globe. 

We  have  already  fecn  that  by  the 
attraction  of  the  fun,  the  planets  arc 
retained  in  their  orbits,  and  that  to 
him  they  are  indebted  for  light,  heat 
and  motion  : 

Faireft  of  Beings  ! firft  created  light  : 

Prime  caufe  of  beauty  ! for  from  thee  alone 
The  fparkling  gem,  the  vegetable  race. 

The  nobler  worlds  that  live  and  breathe  their 
charms, 

The  lovely  hues  peculiar  to  each  tribe, 
from  thy  unfailing  fource  of  fplendor  draw  ! 

In  thy  pure  fliine,  with  tranfport  1 furvey 
This  firmament,  and  thefe  her  rolling  worlds 

Their  magnitudes  and  motions. 

majllet’s  excursion. 
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CONVERSATION  XXVI. 


Of  the  fixed  Stars \ 

TUTOR.  We  will  now  put  an 
end  to  our  aftrononfical  converfa- 
tions  by  referring  again  to  the  fixed 
ftars,  which  like  our  fun  thine  by 
their  own  light. 

Charles.  Is  it  then  certain  that 
the  fixed  ftars  are  of  thernfelves  lu- 
minous bodies  ; and  that  the  planets 
borrow  their  light  from  the  fun  ? 

Tutor.  By  the  help  of  telefcopes 
it  is  known  that  Mercury,  Venus, 
and  Mars  fiiine  by  a borrowed  light, 
for  like  the  moon,  they  are  obferved 
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to  have  different  phafes  according-  as 
they  are  differently  fituated  with  re- 
gard to  the  fun.  The  immenfe  dis- 
tances of  Jupiter,  Saturn,  and  the 
Herfehel  planet  do  not  allow  the  dif- 
ference between  the  perfect  and  im- 
perfedl  illumination  of  their  difes  or 
phafes  to  he  perceptible. 

Now  the  diftanee  of  the  fixed  ftars 
from  the  earth  is  So  great  t/iat  re- 
fledted  light  would  be  much  too  weak 
ever  to  reach  the  eye  of  an  obferver 
here. 

James.  Is  this  diftance  ascertained 
with  any  degree  of  precifion  ? 

Tutor.  It  is  not : but  it  is  known 
with  certainty  to  be  So  great,  that  the 
whole  length  of  the  earth’s  orbit,  viz. 
190  million  of  miles,  is  but  a point 
in  comparison  of  it ; and  hence  it  is 
inferred  that  the  diftance  of  the 
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neareft  fixed  Itar  cannot  be  lefs  than 
a hundred  thoufand  times  the  length 
of  the  earth's  orbit*  that  is  a hun- 
dred thoufand  times  190  millions  of 
miles,  or  19,000,000,000,000  miles  : 
this  diftanee  being  immenfely  great, 
the  heft  method  of  forming  fume  deaf 
conception  of  it,  is  to  compare  it  with 
the  velocity  of  feme  moving:  body,  bv 
which  it  may  he  meafured..  The 
fwifteft  motion  with  which  we  are  ac- 
quainted is  that  of  light,  which  as  we 
have  feen,  is  at  the  rate  of  1 2 millions 
of  miles  in  a minute:  and  vet  light 
would  be  about  3 years  in  latfiing  from 

%f  1 Co 

the  neareit  fixed  fitar  to  the  earth. 

A cannon-ball  which  may  he  made 
to  move  at  the  rate  of  20  miles  in  a mi- 
nute, would  be  1800  thoufand  years 

* See  Dr;  Enfield's  Inftitutes  of  Natur.'U 
Fhilofophy,  p.  347,  Second  Edition,  1799. 
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in  traverfing  tins  cliftance.  Sound, 
the  velocity  of  which  is  13  miles  in  a 
minute,  would  be  more  than  2 mil- 
lion 7 hundred  thoufand  years  in 
palling  from  theftar  to  the  earth.  So 
that  if  it  were  pollible  for  the  inha- 
bitants of  the  earth,  to  fee  the  light; 

to  licai  the  iouiul ; — and  to  receive 
the  hall  ot  a cannon  d ({'charged  at  the 

near  eft  ^xt(l  ftar ; they  would  not 
perceive  the  light  of  its  explofion  for 
3 years  after  it  had  been  fired  ; nor 
receive  the  ball  till  1800  thoufand 
years  had  elapfed ; nor  hear  the  re- 
port for  2 millions  and  7 hundred 
tnoufand  years  after  the  explofion. 

diaries.  Are  the  fixed  liars  at 
different  difiances  from  the  earth? 

Tutor.  Their  magnitudes,  as  you 
know,  appear  to  be  different  from 
one  another,  which  difference  may 
y 2 
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arife  either  from  a diverfity  in  their 
real  magnitudes,  or  in  their  diftances, 
or  from  both  thefe  eaufes  acting  con- 
jointly. It  is  the  opinion  of  Dr. 
Herfchel  that  the  different  apparent 
magnitudes  of  the  ftars  arife  from  the 
different  diftances  at  which  they  are 
fituated,  and  therefore  he  concludes 
that  ftars  of  the  feventh  magnitude, 
are  at  feve.n  times  the  diftance  from  us 
that  thofe  of  the  firft  magnitude  are. 

By  the  affiflance  of  Ins  telefcopes 
he  is  able  to  difcover  ftars  at  497 
times  the  diftance  of  Sirius  the  Dog* 
ftar : from  which  he  infers  that  with 
more  powerful  inftruments  he  fhould 
be  able  to  difcover  ftars  at  ftill 
greater  diftances. 

James.  I recoiled  that  you  told 
us  once,  that  it  had  been  fuppofed  by 
fome  altronomers,  that  there  might 
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be  fixed  ftars  at  fo  great  a didance 
from  us,  that  the  rays  of  their  light 
liad  not  yet  reached  the  earth,  though 
they  had  been  travelling  at  the  rate 
of  12  millions  of  miles  in  a minute 
from  the  firft  creation  to  the  prefen t 
time. 

Tutor.  I did  ; it  was  one  of  the 
fublime  fpeculations  of  the  cele- 
brated Huygens.  Dr.  Ilalley  has 
alfo  advanced  what,  he  fays,  feems 
to  be  a metaphyfical  paradox,  viz. 
that  the  number  of  fixed  ftars  imift 
be  more  than  finite,  and  fomc  of 
them  at  a greater  than  a finite  dis- 
tance from  others : and  Mr.  Addifon 
liasjuftly  obferved,  that  this  thought 
is  far  from  being  extravagant,  when 
we  confider  that  the  univerfe  is  the 
work  of  infinite  power,  prompted  by 
infinite  goodnefs,  and  having  an  in- 
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finite  fpace  to  exert  itfelf  in  ; fo  that 
our  imagination  can- let  no  bounds  to 
it. 

How  diftaht  forrle  of  the  nocturnal  funs  ! 

So  diftant,  fays  the  fage,  'twere  not  abfurd 
To  doubt,  if  beams,  fet  out  at  Nature’s  birth, 
Are  yet  arriv’d  at  this  fo  foreign  world  ; 
Though  nothing  half  fo  rapid  as  their  flight. 

/ YOUNG. 


Charles.  What  can  be  the  ufe  of 
thefe  fixed  (tars  ; — not  to  enlighten 
the  earth,  for  a (ingle  additional  moon 
would  give  us  much  more  light  than 
them  all,  efpccially  if  it  were  fo  con- 
trived as  to  afford  us  its  affiltance  at 
thofe  intervals  when  our  prefent 
moon  is  below  the  horizon. 

Tutor.  You  are  right:  they  could 

O v 

not  have  been  created  for  our  ufe, 
fmee  thoufands,  and  even  millions, 
are  never  feen  but  by  the  affiftance  of 

A • 

glafifes,  to  which  but  few  of  our  race 
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have  accefs.  Your  minds  indeed  are 
too  enlightened  to  imagine,  like  chil- 
dren unaccuftomed  to  reflexion  that 
all  things  were  created  for  the  enjoy? 
ment  of  man.  The  earth  on  which 
we  live  is  but  one  of  feven  primary 
planets  circulating  perpetually  round 
the  fun  as  a center,  and  with  tilde 
are  connected  eighteen  fecondary 
planets  or  moons,  all  of  which  are 
probably  teeming  with  living  beings 
capable,  though  in  different  ways,  of 
enjoying  the  bounties  of  the  great 
fir  ft  caufe. 

The  fixed  liars  then  are  probably 
funs,  which,  like  our  fun,  ferve  to 
enlighten,,  warm,  and  fultain  other 
fyftems  of  planets  and  their  depend-. 

ant  fatellites.  , - 

\ • 

James.  Would  our  fun  appear  as 
a fixed  fitar  at  any  great  difhmce  2 
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Tutor,  It  certainly  would : and 
T)r.  Herfchel  thinks  there  is  no  doubt, 
hut  that  it  is  one  of  the  heavenly 
bodies  belonging  to  that  trad  of  the 
heavens  known  by  the  name  of  the 
milky  way. 

Charles.  I know  the  milky  way 
In  the  heavens,  but  I little  thought, 
that  I had  any  concern  with  it  other- 
wife  than  as  an  obferver. 

Tutor.  The  milky  way  confifts  of 
fixed  flars  too  fmall  to  be  difeerned 
with  the  naked  eye ; and  if  our  fun 
be  one  of  them,  the  earth  and  other 
planets  are  clofely  conneded  with 
this  part  of  the  heavens. 

But,  Gentlemen,  it  is  time  that  we 
take  our  leave  of  this  fubjed  for  the 
prefent.  For  your  attention  to  thofe 
mftrudions  which  on  this  and  other 
topics,  I have  been  able  to  commu- 
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nicate,  accept  my  lx  ft  thanks.  For 
your  future  welfare  and  happinefs 
my  heart  is  deeply  intercfted.  You 
Avill  not,  I flatter  myfelf,  very  foon. 
forget  that  connection  which  has  Tub* 
fitted  between  us  for  a long  courfe  of 
years.  From  my  mind  the  remem- 
brance of  your  kindnefs  can  never 
be  obliterated.  Permit  me,  then,  as 
a teftimony  of  my  gratitude  and  fin- 
cerc  affection,  to  recommend  to  your 
future  attention  the  Wbrks  of  nature 
-and  creation,  by  a careful  inveftiga- 
tion  of  which  you  will  necelfarily  be 
led  to  the  contemplation  and  love  of 
the  God  of  Nature. 

Your  knowledge,  young  as  you 

yet  are,  .of  the  fundamental  principles 

■»  ■* 

of  Geometry  and  Algebra,  is  Inch  as 
to  render  fcientific  purfuits  eafy  and 
pleafant.  And  your  underftandinga 
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are  not  more  capable  of  entering  into 
the  fublime  fpeculations  of  feietice, 
than  your  hearts  are  adapted  to  re- 
ceive and  cherith  thofe  impreflions 
of  gratitude,  which  are  the  natural 
confequences  of  enlarged  and  com- 
prehenfive  views  of  the  being  and 
perfections  of  the  Deity.  In  all  your 
ftudies  and  purfuits,  then,  never  for- 
get, that 

• ■ you  cannot  go 

Where  Universal  Love  rot  (miles  around, 
Suftninirg  all  yon  orbs,  and  all  their  for.5  ; 

From  fceming  evil  (till  educing  good. 

And  better  thence  again,  and  better  (till,  « 

In  infinite  progrefion. 

Thomson. 

j 
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